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ABSTRACT 
This thesis describes a study of physical and chemical properties 
of tricarbonyliron complexes of some substituted cyclohexadienes for 
their use in organic synthesis. The work is mostly on ester complexes. 
In chapter 2 are discussed the methods for successful determination 
of the stereochemistry of a substituent attached to the cyclohexadiene 
ligand of a tricarbonyliron complex. The vicinal coupling constants of 
the hydrogens attached to the sp 3 carbons are characteristic of the 
stereochemistry of a substituent. This leads to typical splitting patterns 
for methylene protons when they are flanked by two vicinal protons. Both 
stereoisomers are, however, required for use of chemical shifts (1H NMR, 
aromatic solvent induced shifts, lanthanide induced shifts or 13c NMR) 
and mass spectroscopy for such stereochemical problems. 
In chapter 3, the discussion is centred on the stereoelectronic 
effects in the complexation of cyclohexadienes with pentacarbonyliron. 
The reactive iron species [Fe(CO) or Fe(CO) J may coordinate initially 
4 3 
to an ester or an anhydride substituent. This initial chelation which 
leads to sterically more crowded products is, however, a competitive 
process between the ester or the anhydride group and the diene bonds. The 
-
classical steric hindrance of the ester group to result in less crowded 
stereoisomer becomes more prominent in the examples where the electron 
density of the olefinic bonds is increased with methoxy groups. 
In chapter 4, the lateral activation by Fe(C0) 3 group in the control 
of classical reactivity of substituents is illustrated with the alkaline 
hydrolysis of several complex esters. The l-C0 2Me group is less reactive 
due to electron release from the metal to the diene, which is transmitted 
to the ester group probably in a mesomeric fashion. The ester groups on 
the same side as the metal (i.e. B) are less easily cleaved by base than 
the a -C0
2
Me . Half-esters are available from dicarboxylic complexes using 
this steric control or the electronic modulation by the Fe(C0) 3 . 
In chapter 5, alternative methods for the formation of cationic 
complexes from esters are investigated. A new method for the generation 
of cations was developed which involved acid-catalysed decarbonylation of 
a-C0
2
H groups resulting in cations. However, when confronted with a 
choice between decarbonylation and demethoxylation, the latter predominates. 
l-Alkyl substituted cations can be obtained by dehydroxylation of alcohols 
obtained from the metal-alkyl reactions of ester complexes. 
In chapter 6, the scope of dienyl cations as synthetic equivalents 
1s expanded with successful addition of lithiumalkyls and reversible and 
hindered nucleophiles such as menthol. The former has been achieved by 
use of methylene chloride as the solvent at low temperatures (- 78° C), the 
latter by use of Hunig base as a 'nucleophilic catalyst'. The optical 
resolution of cations is possible by use of optically active alcohols. 
In chapter 7, an alternative route to the optically pure complexes 
of known absolute configuration is illustrated by classical resolution of 
tricarbonyl(n4 -l-carboxycyclohexa-l ,3-diene)iron. The potential use of 
the resulting enantiomers in a novel asymmetric synthesis of natural 
gabaculine and a determination of its absolute configuration is indicated 
with regio- and stereo-selective C-N bond-formation reactions with l-C0 2Me 
salts to result 1n a number of gabaculine analogues. 
A WORD ABOUT NOMENCLATURE AND STRUCTURE - REPRESENTATION 
The IUPAC (International Union of Pure and Applied Chemistry) 
nomenclature is used in this thesis with the following additions. 
When numbering complexes, the highest priority is always given 
to the metal-coordinated diene (n4 ) or dienyl (n 5 ) system. For 
convenience, the hapto number l ,2,3,4-n- is abbreviated as n4 - and 
l ,2,3,4,5-n- as n5-. 
The prefixes a - and S- denote the steric relationship of an atom 
or a group to the metal; s- indicates the sa me side as the me tal and 
a- the opposite side (see footnote in page 4). 
Thick and broken lines represent the relative stereochemistry 
(see footnote in page 3). In the case of an absolute configuration, the 
sign of the optical rotation accompanies the structure. 
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CHAPTER l 
INTRODUCTION 
A maJor factor in organic synthesis is the proper activation and 
protection of simpler structural units for construction of complex 
molecules. The enormous number of organotransition-metal compounds, 
synthesised since the discovery of ferrocene in 7957 , 7 provides an 
almost limitless variety of electronic and steric potentialities from 
which activating and protecting groups may be selected. 
Metal complexes may be used in organic synthesis either as catalysts 
or stoichiometric reagents. 2-8 When used in stoichiometric amounts, 
careful consideration need be given to cost of starting materials, 
convenience in preparation and handling of intermediate complexes, ready 
application of the known chemical reactions on the coordinated organic 
ligand, and facile removal of the metallic group under mild conditions. A 
group of compounds which appear to satisfy these criteria, are the 
tricarbonyliron complexes of dienes. 9 
There are three mechanistic features of the tricarbonyliron group 
in diene complexes, that are useful to rationalize the chemistry of these 
compounds and to understand the activating and protecting effect of 
Fe(CO) 3 • They are the electronic modulator action of Fe(CO) 3 (e.g. 
stabilisation of otherwise unstable dienes and dienyl cations), its 
lateral steric situation with respect to the organic ligand (e.g. stereo-
selectivity, chirality), and its involvement in allyl intermediacy (e.g. 
rearrangements with some electron-deficient reagents leading to specific 
products). Examples are discussed below, particularly in relation to some 
chemistry of tricarbonylcyclohexa-l ,3-dieneiron complexes. 
2 
1.1 The tricarbonyliron group as a modulator for electronic requirements 
The introduction of a Fe(C0) 3 may increase the resonance energies 
10 of the dienyl system. Consequently, reactive dienyl species which may 
be useful as structural units in synthesis, can be trapped 11 as stable 
tricarbonyliron complexes. Examples include Fe(C0) 3 complexes of cyclo-
butadiene (_J__), 12 quinodimethane (I), 13 the enone tautomer of phenol (]_) 14 
and the cyclohexadienyl cation (4). 15 0 
I I 
Fe(C0) 3 
l 2 3 4 
Stability of 1 as well as its ability to undergo aromatic substitu-
tion reactions 16 may be considered to result from withdrawal of electrons17 
by Fe(C0)3 from an otherwise antiaromatic cyclobutadiene. 18 The isolation 
of£ and _l may be rationalized by similar electronic considerations. The 
19 
remarkable stability of i compared to that of protonated benzene may be 
accounted for by delocalisation of the positive charge on to the metal. 
Alternatively viewed, the metal now releases electrons from its ct-orbitals 
to the electron-deficient organic ligan~. 
This electronic modulator action by Fe(CQ)3, i.e. electron release 
or withdrawal as required by the organic ligand, is also manifested in a 
variety of physical and chemical properties of a number of diene complexes, 
e.g. IR spectra, X-ray structure parameters, 20 dipole moment measure-
ments,21 oxidation potential measurements, 22 Hamnet plots, 19 F NMR 
h . l h.f 23 l 24 h . . ct· l t c emica s i ts, pK va ues, c ange in properties upon isp acemen a 
of a CO by cyclopentadienyl ligand, 25 and acetylation at the phenyl ring 
3 
attached to a terminal position of a diene complex under mild 
d ·t· 24c con 1 1 on s. 
The modulator action of Fe(C0) 3 is understandable in terms of 
molecular orbital theories 26 for diene complexes. 27 The electron transfer 
to the metal may occur from the bonding TT -orbitals of the diene to the 
empty hybrid orbitals of the metal; this 1s also referred to as 1 forward 
coordination 1 • Flow of electron density to the organic ligand, also 
known as back-donation, is possible from the filled ct-orbitals of the 
28 
metal to the low-lying anti-bonding TT -orbitals of the dienyl system. 
The complex l has been used as an equivalent of cyclobutadiene in the 
synthesis of Dewar benzenes, 29 cu banes 30 and several other polycyclic 
systems. 18 2-Indanones have been obtained from 2. 31 The enone 3 is a 
mild arylating agent for aromatic amines. 32 A variety of nucleophiles has 
been added to_! resulting in the formation of C-C and C-X (X = H, halogen, 
N, P, O, S) bonds; 2' 9 the selectivity of such processes are discussed below. 
1.2 Stereo- and regio-selective C-C and C-X bond formation with 
tricarbonylcyclohexadienyliron salts 
t 
~,(co), 
' 
4 
' 
' 
' 
' 
.• 
a 
Nu 
__.. 
H 
Nu 
/' " / I ,, n 
/ I \' JJ 
' \ 
\ 
\ 
a 
(see footnote t ) 
The structures represent (±)-compou nds, unless stated otherwise. 
4 
The nucleophiles usually add to one terminus of the cyclohexadienyl 
segment, although addition of iodide33 to the metal has been noted. 
Addition to the organic ligand takes place, with few exceptions, 34 
stereospecifically a* to the iron group, as evidenced by X-ray studies 35 
and spectral and chemical information. 14 , 32 ,36 B*-Adducts have been 
observed with reversible nucleophiles like alcohols in the presence of 
acid, 34a or when the addition may occur -via initial coordination 37 of 
the nucleophile to the metal group, for example metal hydride donors. 34 b 
In the case of reversible nucleophiles like alcohol, initial coordination 
to a metal carbonyl may still afford the a-adducts 38 possibly through a 
dissociative rearrangement of a carboalkoxy intermediate. 39 
Another attractive feature of this reaction as well as steric 
control is the frequent regioselectivity in the case of unsymmetrical 
cations. The adducts from l-C0 2Me (~) and 2-0Me (_§_) cations, for example, 
usually correspond to reaction at the 5-position. 9a, 4o 
Nu 
3 
5 --
Meo l 
.Nu 
6 
• 
MeO 
• 
,, 
,, 
Nu 
,, 
'' Nu 
*Nomenclature in this series is confusing; 11 endo 11 to Fe(CQ)3 is 11 exo 11 to 
the carbon ring, and it seems better to the organic chemist to use a more 
neutral system of designation. Natural product nomenclature is adapted here 
to designate groups on the same side as Fe(C0)3 by B- and on the opposite 
side by a-. 
5 
The 2-methyl cation in this series, however, which is a much more 
weakly directing group, clearly shows some dependence of regioselectivity 
on the nature of the nucleophile. Reagents like aromatic amines, 41 
l,2-bis(trimethylsiloxy)-l-cycloalkenes42 and allyl silanes43 react 
exclusively at the 5-position of the cation, while hydride (from sodium 
borohydride), 36 cyanide and hydroxide44 add to both l- and 5-positions in 
approximately equal proportion. 
In order to understand the regiochemistry of the additions, attempts 
have been made by Davies, Green and Mingos 45 to derive correlations with 
charge distributions and molecular orbital considerations. Such approaches 
in conjunction with steric factors may be useful for predictive purposes. 
The kinetic studies of these reactions by Kane-Maguire et az46 may prove 
helpful to rationalize the role of nucleophiles and the reaction conditions 
on regioselectivity. 
A kinetic study 1n this laboratory of the reaction of a series of 
substituted dienyl salts with acetylacetone has provided a quantitative 
estimate of the dependence of reactivity on cation substitution. 34 b 
2-Methoxy substituted cations were found to react more slowly than the 
unsubstituted salts while l-methoxycarbonyl substituted salts react faster. 
Multisubstitution appears to display additive effects. 
1.2.l Cationic complexes as synthetic equivalents 
The above selective bond-forming reactions, with or without further 
modification 1n the organic ligand, and accompanied by the removal of 
metal, would lead to the designation of these cyclohexadienyl salts as 
synthetic equivalents. 47 This is initially discussed for cyclohexa-l ,3-
dienyl, aryl and cyclohex-2-enone fragments. 
As an illustration, the reactions of the 2-0Me cation 6 with sodium 
cyanide14 and trialkynylborate salts48 are shown in Sch eme l. l . 2 The 2-0Me 
M 
l 
OMe OMe OMe 
M 
l l l 0 
-
-
-
-
-6 CN CN 
8 
l l l 
V 
OMe OMe 
·0 
M 
l V _______ _,. 
0 
M = Fe(C0) 3 7 9 
-
e 
( n - Hex ) 3 B-C = C n Bu ; ~1 e 3 NO ; 1 v ex c es s Me 3 NO ; Pd/C; l l l 
v Ce(IV) 
Scheme l.l. Some chemical transformations of tricarbonyl(n4 -2-methoxy-
cyclohexadienylium)iron hexafluorophosphate (i) to illustrate its 
synthetic equivalence to aryl and cyclohexa-2-enone frag ments. 
0 
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Me Me Me 
( REF 50) -
C02Me C0 2Me 
EB H 
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Scheme 1.2. Some substituted tricarbonyl(cyclohexadienyl)iron cations 
as synthetic equivalents. 
H 
6 
cation may be considered as the equivalent of cyclohexa-1 ,3-dienyl (_z_), 
aryl (Q_) and cyclohexa-2-enone (2.._) fragments. Other substituted cations 
may be viewed similarly as depicted in Scheme 1 .2. 
One example of the designated steric significance of the positive 
charge is that an enantiomeric cation will lead to production of the 
diene or the enone as one optical isomer, of known absolute configuration 
if that of the cation is known. 
A racemic cation and a chiral nucleophile, on the other hand, will 
produce a diastereomeric mixture which upon successful separation will 
yield optical antipodes of the complexed portion. In the case of reversible 
nucleophiles, chiral cations may be obtained from the separated mixture. 
However, this strategy for production of chiral cations has not been 
realized hitherto because of the lack of efficient mild methods to add 
hindered but labile and reversible nucleophiles to these cations. A 
potentially useful method is discussed in chapter 6. 
The successful application of these cations as synthetic equivalents 
1n organic synthesis depends on the range of nucleophiles available for 
efficient formation of C-C bonds. More 'fundamental I reagents like 
Grignard reagents, lithiumalkyls 14 and lithium enolates 49 have resulted 1n 
decomposition or reductive dimerisation of the salt, consequently leading 
to poor or no yield of the expected adducts. The decomposition may be a 
result of irreversible addition to the metal group. Radical intermediacy 
may be a plausible explanation for dimeric products wh ich have also been 
observed in the reaction of Zn or Zn/Cu couple with both cyclic9a and 
acyclic 52 dienyl salts . 
Success has been achieved by use of mi lder alkylating reagents, e.g. 
dialkylcadmium and dialkylcuprate, 53 or 'masked' reagents, e.g. enamines, 54 
allyl silanes43 and silyl derivatives of enol ethers. 42 , 55 A successful 
re-examination of lithiumalkyls in these reactions is presented in chapter 6. 
- EZ 
Isomerisation 
(allyl 
intermediacy) 
E = HEB 
z = OMe, 50 c1 58 
M 
E = HEB·, Z = OMe, Cl, C0 2H (?) 
E = Ph 3CEB; Z = H, 59 CN, 14 0Me33 
M-0 M 
M 
E = HEB \ 
OH60 
\ 
\ 
z = 
EB6 l 
H z 
z 
\ 
\ 
' \ 
\ 
\ 
\ 
' 
' .... 
\ 
' 
' .... 
' 
' 
' 
- lL M-(J''l(z M-0'''' M 
M = Fe (CO) 
3 
' 
' 
' .... 
' 
' 
' ' 
z 
M 
• 
Scheme 1.3. Some chemical routes to the formation of tricarbonyl(cyclo-
hexadienyl)iron cations from neutral complexes. 
7 
In favourable cases, these cations may be used in the synthesis of 
natural products. 56 A potential application of l-C0 2Me cation 5 
may be, for example, a new synthesis of natural gabaculine l.Q57 (chapter 7). 
10 
l .3 Availability of cationic complexes 
The interaction of some diene complexes with appropriate electrophiles 
which are compatible with the Fe(CQ) 3 group may lead to the formation of 
cations. The interaction usually involves a detachment of an allylic atom 
(e.g. H8 by Ph 3C®) or a group (e.g. 0Me8 by Hm). In some cases, a positive 
centre generated initially at a carbon external to the ring may shift on 
to an allylic position in the ring (Scheme 1.3). 
Possible elaboration of these principles (Scheme 1.3) to define new 
and alternative routes to prepare cations is illustrated in chapter 5 
with the examples of acid-catalysed decarbonylation of carboxy complexes, 
and dehydroxylation of alcohois derived from the carboxyl complexes. 
1.3. l Hydride abstraction 
Hydride abstraction from neutral complexes, resulting in cation 
formation, is usually effected by brief treatment with Ph 3CmP~ or 
Ph 3 CffiBF~ 1n acetonitrile or methylene chloride.
9
'
59 The salts are comnonly 
isolated by precipitation on addition of ether. When prolonged reaction 
conditions are applied, it is desirable to treat the trityl reagent with 
a solid base (e.g. CaC0 3 or MgC0 3) to prevent complications due to possible 
acid-catalysed rearrangements. 
R 
40 
Ph C EB 
3 
.. 
R = CO Me 51 ( 11 ) 2 
R = 0Me 36 
R= C0Me 31 ( 12 ) 2 
R = 0Me 36 
R 
R 
l 00 
80 
80 
6 
+ 
+ 
R 
0 
20 
20 
94 
8 
In the tricarbonylcyclohexa-l ,3-dieneiron series, it is usually an 
a-hydrogen which is abstracted, 9 presumably because the steric bulk of 
the reagent (Ph3C9 ) and the Fe(C0) 3 precludes S-attack. The abstraction 
of S-hydrogen has, however, been noted in a few cases where sterically 
rigid Fe(C0) 3 complexes of cholesta-2,4-diene and 5a-cholesta-l ,3-diene 
were treated under prolonged vigorous conditions. 62 This is possibly due 
to scrambling of the metal from one face to the other in the course of 
the reaction, 62 , 63 in which case the a -rule[s~~ll hold . 
Another stereochemical feature of the abstraction reaction 1s that 
the presence of an a -substituent (e.g. alkyl) on the adjacent methylene 
carbon prevents hydride removal. 9, 36 , 53c The reaction can, therefore, be 
employed as an alternative method for separation of a- and S- substituted 
isomers and establishment of their stereochemistry. 
In unsymmetrical complexes, the regioselectivity of hydride abstrac-
tion is dependent on the nature and the position of substituents. The 
products from l-substituted complexes where 5a-H 1s abstracted predominantly 
may reflect the steric influence of the substituent. The behaviour of 2-
substituted complexes may be rationalized by assuming that the transition 
state of the reaction is closer to the cationic products, on the basis 
that the reaction is _under kinetic control . 40 The electron-withdrawing 
. 
C02Me prefers attachment to less positively charged position, while the 
converse is true for donor groups such as OMe. 
A model which is useful for estimation of the distribution of 
positive charge on the individual carbons is based on 13c NMR studies of 
the cations. 64 A possible order of magnitude of formal charge on the 
dienyl segment 1s : 1,5-C < 3-C < 2,4-C . 
Alternative methods for formation of cations are desirable because 
hydride abstraction by Ph3C9 imposes what are often undesirable steric 
requirements in the precursor, i.e. absence of a -substituents, and it 
frequently also lacks regioselectivity. 
1.3.2 Acid-catalysed demethoxylation 
9 
Demethoxylation is normally performed by dropwise addition of the 
methoxy complex to ice-cold concentrated sulfuric acid 50 containing a 
little formic acid. 34 b Decomposition is apparently reduced in the presence 
of a small concentration of carbon monoxide provided by the formic acid. 
For isolation purposes, the cation 1s then converted into the hardly-
soluble PF? salt by an anion exchange reaction with aqueous NH4PF5. 
Products from demethoxylation 9a,SO show that the carbon to which the 
methoxy group was formerly attached, always finishes up at one terminus 
of the resu l ting dienyl cation. Thus, in favourable cases, it is possible 
to prepare specifically substituted single cations even from mixtures of 
neutral isomeric complexes. 
e. 1 .so 
OMe ~1e 
+ 
Me MeO 
-
1 3 
The product, the 3-Me cation J]_ 1n the example quoted, cannot be 
obtained pure by hydride abstraction 14 from the corresponding neutral 
complex. 
The protonation of basic groups (e.g. morpholino) present on the 
diene carbons appears to inhibit demethoxylation. A complication 1s noted 
also in the 1 ,4-dimethoxy complex 14 where the expected 2-0Me cation 6 
is formed only in poor yield, the enone l being the major product. 65 
10 
OMe 
OMe 
14 
It has been shown 9a,SO by use of deutero-acid that the mechanism 
for demethoxylation appears to be analogous to that for acid -cata lys ed 
isomerisation of neutral complexes 66 (section l .4), where the protonation 
of the iron occurs initially. The probably reversible series of isomerisa-
tions essentially leads to irreversible loss of OMe as shown . 
OMe 
--
D 
Fe(C0) 3 
15 
D 
OMe 
Fe(C0) 3 
D 
Parenthetically quoting, acylium ions from Friedel-Crafts reagents, 
presumably being intermediate between Hffi and Ph3Cffi in size, can either 
11 
abstract a hydride 67 or undergo electrophilic substitution reaction 
h h · d · t · 58 ' 68 . h f . d t 1 d . . . t roug iron-me ia ion as int e case o aci -ca a yse isomerisation. 
The nature of products of this reaction considerably depends on the 
. d. . 69 reaction con itions. 
1.4 Acid-catalysed isomerisation 
Tricarbonylcyclohexa-1 ,3-dieneiron complexes in the presence of 
protic acids, isomerise to give products with an overall shift of the 
coordinated double bonds around the cyclohexane ring. In cases examined 
so far, methoxycarbonyl substituents appear to finish at the l-position, 51 ,?O 
but alkyl substituents at the 2-position. 5o, 7l This dependence on the 
nature of the substituent of the occupation of specific positions in the 
equi li brated product is understandable by virtue of the fact that an 
electron withdrawing substituent, capable of mesomeric interaction with 
the diene system, should encourage more back-donation to greater stability 
of the complex, when ·it is in linear conjugation with the diene system. 
R 
R R = co ne 51 2 
(C0) 3Fe HEB (C0) 3Fe -
R = Et 71 
Isomerisations of unsubstituted and alkyl substituted complexes 
with deutero acids give products corresponding to deuterium incorporation 
72 9a) at both the S-positions (e.g. l§_ and .J.2 . This implies initial 
deuteration (or protonation) at the iron, consistent with a large 
deuterium isotope effect. 66 It is postulated that subsequent transfer of 
12 
He 
D D 
D D 
16 17 18 
the deuterium on the B-face to one terminus of the diene segment results 
in an allyl intermediate (e.g . .12_) by analogy with intermediates which have 
been isolated73 in the acyclic series, during similar reactions resulting 
in syn-anti isomerisations. Such an allyl intermediate may lose a proton 
via Fe(C0) 3 to yield a new neutral complex. 
Both l-C0 2Me (ll_) and 2-C0 2Me (_}1_) complexes give only the mono-
deuterated product 18- 51 To explain this requires the postulation of a 
selective transfer of the proton to one terminus only of the diene. 
Proton transfer seems to occur in such a way that the methoxycarbonyl 
occupies one end of the resulting allyl intermediate 51 , 74 (cf . .:!_i). 
These acid-catalysed isomerisation of alkyl or methoxycarbonyl 
substituted complexes can provide new and specifically substituted isomers. 
In conjunction with the remova) of iron, with or without further elabora-
tion, the reaction would lead to potential availability of a wide range 
of specifically substituted cyclohexa-1 ,3-dienes. 
1.5 Introduction of Fe(C0) 3 to the organic ligand 
The precursors for the above cations are t ricarbonylcyclo hexa-1,3-
dieneiron complexes which can be prepared by thermal or photoc hemi cal 
t · 2 4c f · · l · d · h · b l reac ,on o an appropriate organic 1gan wit an iron car any reagent 
13 
capable of releasing an Fe(C0)3 moiety. The organic precursors can be 
· 75 76 
cyclohexa-l ,3-dienes, their isomers, particularly l ,4-dienes, or 
l,3- diene equivalents such as cyclohexenes with a detachable substituent 
at an allylic position. 77 The available Fe(C0)3 equivalents include 
Fe(CO)s , Fe2(C0)9, Fe 3(C0)12 and Fe(C0)3 complexes of a ,B-unsaturated 
ketones . 9, 78 The most commonly used method involves boiling the 
appropriate diene with Fe(CO)s with reflux in a high boiling, inert or 
weakly coordinating solvent, usually di-n-butyl ether. 9, 36 , 78b The 
other three reagents only need milder conditions. Fe(C0)3 complexes of 
a,B - unsaturated ketones, however, effectively transfer the Fe(C0)3 moiety 
to 1 , 3-dienes only . 79 Fe(CO)s may be used as a milder reagent in the 
presence of an oxidative reagent like Me3No80 which presumably assists 
the breakdown with loss of carbonyl to give the intermediate coordinatively 
unsaturated iron species such as Fe(CQ)4. 
Complexation may occur via reactive Fe(C0)4 81 or Fe(C0) 382 which 
are generated by thermal, photolytic or oxidative cleavage of the iron 
carbonyl reagent. Which species is involved primarily, has not been 
established with certainty. 
1. 5. l Complexation of cyclohexadienes 
A number of reports pro~ides methods for preparation of cyclohexa-
l,3-dienes.83 A convenient and direct method for the preparation of 
cyclohexa-l ,4-dienes is the Birch reduct~on of benzenoid compounds 84 
although other methods like Diels-Alder condensation of acyclic precursors 
are also available .85 
Benzenoid colllpounds fro111 which l ,4-dienes have been derived for 
complexation include benzene, 86 methylbenzene, dimethylbenzenes, 50 
. 86b 87 14 36 50 14 65 tr1methyl benzene, ' methoxybenzene, ' ' dimethoxybenzenes, ' 
methoxymethylbenzenes, 14 , 36 , 50 benzoic acid, 2-methylbenzoic acid, 51 
methoxybenzoic acids, 70 naphthalenes, 14 and anthracenes. 14 ,88 
14 
In most cases, cyclohexa-1,4 dienes yield mixtures of isomeric 
tricarbonylcyclohexa-l ,3-dieneiron complexes. Mechanistic studies 76 ,89 
of the isomerisation show that no free conjugated diene is involved in 
the process. The study by Alper et ai 89 using cyclohexa-l ,4-diene with 
both methylene groups deuterated gave a deuterium distribution in the 
product, which led these authors to suggest an allyl intermediate in the 
reaction. 
D D D D D D Fe(CO)n Fe(C0) 3 (C0) 3 Fe 
Fe(CO) s 
D 
D D D D D D D D 
'H 
n = 3 or 4 
Further support for the involvement of an allyl intermediate comes 
from the complexation of 4-vinylcyclohexene 71 and (+)-limonene, 40 , 76 
the related iron carbonyl-promoted rearrangements of mono -olefines, 90 and 
the thermal rearrangement of deuterium labelled tricarbonyl(l-phenylcyclo-
hexa- l , 3-d i ene) i ran . 63 
1 .5.2 Stereo- and enantio-s~ectivity of complexation 
Examples in the literature give $Orne indication of the steric course 
of the complexation. (-)-Phellandrene, for example, gives the a -iso propyl 
isomer 19 as the major product. 40 , 91 It is possible that co mp lexation 
leads to the preferential formation of the thermodynamically more stable 
isomer. Alternatively, the product distribution may be determined 
kinetically by the steric hindrance exerted by the isopropyl group towards 
the approach of reactive iron carbonyl species, Fe(CO)n (n = 3 or 4). 
i 
Pr 
"1 H Fe2 {Co)9 
[a] -26s 0 
D 
acetone 
reflux 
4 
[a] +12° 
D 
19 
I 
Pr 
• 
• 
+ 
l 5 
Fe(C 0)3 i Pr 
[a] -16° 
D 
In cases where such a substituent group may form a weak association 
with the metal moiety during complexation, the metal may be directed 
towards the more hindered face of the diene. Whitesides et al 92 have 
observed the thermodynamically less stable S-isomer 20 as one of the 
di 
products in the reaction of enneacarbony~iron with a mixture of cis - and 
t r ans-dimethyl cyclohexa-2,5-dienecarboxylate. A similar observation has 
been made7o, 93 in the complexation of methyl cyclopropane-2,3-dicarboxylate 
where the 1H NMR of the mixture of isomeric complexes indicates 
tricarbonyl(5 S-methoxycarbonylcyclohexa-l ,3-diene)iron as the major 
product. An elaborate study _pf this reaction (chapter 3) is useful, 1n 
view of the resulting availability of a method for the preparation of 
otherwise less available S-isomers. The latter compounds being available, 
it may also be possible to find correlations between stereoc hemi s try and 
spectral properties (chapter 2), although it has been noted 53c, 7o 
previously that Fe(C0) 3 operates a deshielding effect on the S-substituents 
in the 1H NMR. 
16 
Fe(C0) 4 
20 
In all cases so far examined, metal carbonyl promoted isomerisation 
of unconjugated dienes is a highly stereoselective process. Consequently, 
isomerisations involving chiral dienes will result in efficient production 
of optically active complexes. (+)-Limonene and (+)-carvone are two such 
examples. 40 
Chiral 'Fe(C0) 3 equivalents' have been explored recently. 94 The 
Fe(C0)3 complexes of (+)-pulegone and (-)-3S-acetyloxypregna-5,l6-diene-20-
one have been reacted with prochiral l-methoxycyclohexa-1 ,3-dienes. So 
far optical yields (<40%) of these reactions appear too low to justify use 
of these complexes in asymmetric synthesis. The low enantiomeric excess 
may be accounted for either by thermal liberation of free Fe(C0) 3 species, 
or lack of specificity in the initial complexation of the enone. Another 
.-
possibility is that the transfer process may not be totally specific. The 
enantiomeric excess may be increased by · effecting the induction under 
appropriate low temperature or other conditions. 
1 7 
~o 
11
'
11 Fe(CO) ~ 3 
OMe OMe 
Me 
AcO 
c6H6, 19h AcO 
Fe(C0) 3 
R2 Me 
[aJo - 42° 
1.6 Fe(C0) 3 as a cis-diene protecting group, and stereo- and regio-control 
factor for classical reactivity 
Complexed dienes, n-electrons being involved in coordination to iron, 
do not show the usual diene reactions like Diels-Alder cycloadditions or 
catalytic hydrogenations. 76 The Fe(C0) 3 group has been used in this 
-- 91 95 
respect to protect the cis-diene system of some terpenes ' and 
t 'd 96 s ero, s. 
The work of Barton et az 97 and Birch et az 34 b 1n the synthesis of 
epiergosterol rr, illustrates how the reactivity of a carbonyl function on 
the organic li g~nd can be influenced by the Fc(C0) 3 group. The bulk of 
the Fe(C0) 3 hinders approach of the hydride reagent to the face of the 
ligand to which the metal is attached, resulting 1n stereospecific reduction 
of the ketone and formation of the alcohol 22. 
18 
0 
22 
21 
An example of regio-control by the Fe(C0) 3 on the reactivity of a 
substituent may be found in hydrolysis of C0 2 Me complexes. 51 The l-C0 2 Me 
complex ll_ is inert to alkaline hydrolysis while the 2-C0 2 Me isomer 12 
readily cleaves to give the corresponding acid. Under acidic conditions, 
however, the l-C0 2 Me complex ll_ can be hydrolysed to yield the l-C0 2 H 
complex. Further investigation of the reaction is desirable in order to 
understand the role of Fe(C0) 3 , and to more fully define its scope as a 
selective reaction in synthesis and for structural studies. Chapter 4 
-
describes present attempts along these lines including steric effects by 
Fe(C0) 3 on the reaction. 
1.7 Removal of Fe(C0) 3 from the organic ligand 
In order to gain the maximum benefit from Fe(C0) 3 complexes in 
organic synthesis, a method for efficient disengagement of the organic 
ligand from the metal must be available. Ligand displacement and oxidation 
are two possible approaches. Stronger coordinating ligands like 
triphenylphosphine have been noted to displace either CO or the diene. 98 
However, application of this method is not general because the Fe-diene 
19 
bond is rather strong due to synerg1c bonding interactions and, therefore, 
it may be difficult to cleave during displacement reactions. 
Oxidation at the Fe(C0) 3 group is the more common method. The 
. bl . d t . l d . . . t t 99 C l l · l OO poss, e ox, ans inc u e ammonium eerie n1 ra e, o ins reagent, 
d . 'd 14 f . hl 'd 97,99b,l0l . hl 'd 102 manganese 1ox1 e, err1c c or, e, cupric c or, e, 
silver nitrate, 12 lead tetraacetate, 30 and trimethylamine-N-oxide. 103 
Caution needs to be exercised in the choice of oxidant and also the 
reaction conditions because, unlike the case of acyclic diene complexes, 
the liberated cyclohexadienes are often prone to further oxidation to 
highly stable aromatic species. 
When aromatic products are required, Pd/C may be used in benzene or 
toluene under reflux conditions. 14 In this case it 1s possible that the 
diene is aromatised prior to the cleavage of the metal. A tricarbonyliron 
group coordinated to benzene is unstable, as many attempts to prepare 
benzene-Fe(C0)3 have been unsuccessful. 28 Examples of iron coordinated to 
benzene can be found in sandwich complexes of the type 23 104 (also see 
section 2.8). 
I 
--
Fe 
23 
With certain co1nbinations of oxidants and complexes, the oxidation 
may take place at the organic ligand rather than at the Fe(C0)3 group. 
Oxidative cyclisation resulting in furanoid systems has been observed by 
20 
use of manganese dioxide, 105 thallium trifluoroacetatelOS,l05 or ferric 
chloride on silica gel lO? on certain alcohols, the hydroxy group of which 
is two carbons away from an allylic carbon. The hydroxy group may be 
· 1 bl . th f f k l · 1 · b · l OS ava1 a e 1n e orm o a eto-eno equ1 1 r1um. 
(C0) 3Fe OH 
(C0) 3Fe 
I oxidant 
\ \ ,0 
i 
~ ~ 
An unusual and possibly synthetically useful reaction is the 
oxidation of the compounds of the type£! with I2/pyridine to afford 
34b 41 3-methylcarbazoles. ' 
Me 
R 
(C0) 3Fe 
12 / PY 
I NH 2 N-H 
.-
24 R H, Me = 
Me 
R 
The reaction conditions, the products and their yields being variable, 
the oxidant of choice for a given system 1s usually found after a large 
amount of trial and error. Commercially available trimethylamine-N-oxide 
dihydrate in N,N-dimethylacetamide has proved to be useful in several 
cases where the dienes are not sensitive to base-catalysed isomerisation. 34 b 
21 
A d · h · t. d. l 08 . . t. l tt k f M NO t th ccor 1ng to mec an1s 1c stu 1es, 1n1 1a a ac o e3 a e 
electron-deficient C atom of Fe-CO results in elimination of a CO 2 
molecule, leading to the formation of an aminedicarbonyliron intermediate. 
The analogous stepwise cleavage of CO from this intermediate would lead 
to the observed diene. 
diene-Fe(C0) 3 + Me 3NO + diene-Fe(C0) 2.NMe + CO 2 n 
diene-Fe(C0) 2.NMe + 4 diene n 
1. 8 Present project 
Despite the expected90 high stability of tricarbonyldieneiron 
complexes wi th electron-withdrawing substituents, rather little chemistry 
has been explored in the cyclohexadiene series with substituents like 
C0 2Me 51 ,?O and Cl. 58 The diene precursors for the former are easily 
available from reduction of aromatic compounds. This thesis is centred 
on a study of spectroscopic and chemical properties of carboxyl complexes 
for their use 1n organic synthesis. 
The points that highlight the present project in the previous 
discussion are noted here. The complexation of diene esters may provide 
B-substituted complexes otherwise less available from other methods, which 
are also required to establ{sh an efficient model for assign men t of a -
and B-stereochemistry (chapter 2). The complexation process itself is of 
particular interest, in view of a study on stereo-electronic effects 1n 
the introduction of the Fe(C0)3 group to the organic ligand (chapter 3). 
Alkaline hydrolysis of esters may be useful as an exa mple for demonstration 
of regio- and stereo-control effects of the Fe(C0)3 group on classical 
reactivity, and also as a tool for selective reactions 1n synthesis 
(chapter 4). It has already been shown with esters in the tricarbonyl-
cyclobutadieneiron series 109 that a variety of classical organic reactions 
22 
may be applied at the ester group in these complexes. Conversions into 
acids and alcohols are rather important, in view of alternative methods 
for formation of cyclohexadienyl cations, e . g. decarbonylation and 
dehydroxylation (chapter 5). Carboxy groups may provide a useful handle 
l l 0 for optical resolution of these complexes realizing their use 1n 
asymmetric synthesis, e.g . natural gabaculine (chapter 7). 
Investigation with some cationic complexes of methods for effective 
formation of C-C bonds with reactive nucleophiles, e.g . lithiumalkyls, 
and C-X (X = 0, S, Se) bonds with labile and reversible nucleophiles, 
e.g. phenols and hindered alcohols, is presented in chapter 6. 
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CHAPTER 2 
STEREOCHEMISTRY OF TRICARBONYLCYCLOHEXA-1 ,3-DIENEIRON COMPLEXES 
2.1 Introduction 
A knowledge of the configuration is of fundamental importance in 
discussing the stability and reactivity of a compound. Empirical rules 
which seem to hold in suggesting stereochemistry of the title compounds 
are: cationic complexes react under kinetic control entirely or mainly 
from the a-face (section l .2); hydride abstraction by Ph3Cffi usually occurs 
at the a-face and is prevented by the presence of an a-substituent 
e (section 1.3. 1); some electrophilic substitutions, e.g. Fr~del-Crafts 
acetylation, mainly occur on the S-face (section l.3.2); rearrangements 
catalysed by acid occur on the S-face (section 1.4). Deductions from 
these rules lead to a coherent set of conclusions in accord with experimen-
tal results. 
However, a direct means for determination of the configuration, 
other than X-ray analysis, would provide useful confirmations in routine 
applications. The possible applicability of NMR and mass spectra (MS) 1n 
this connection has been examined. The conclusions which emerge are 
--
that if a pair of stereoisomers is available these spectral methods 
indicate with a fair degree of certainty which has the a - and which the 
S-substituent. With the possible exception of examination of splitting 
patterns of CH2 adjacent to the substituted position, discussed below, 
no clear absolute determination seems possible at present with one isomer 
only. In the case of dienyl cations, stereochemistry may be assigned by 
consideration of the splitting of 6-H. 
RESULTS AND DISCUSSION 
( 2 5 ) , 
H ( 2 7 ) , OMe (2 9) 
CO Me 2 (26), 
H (28) " OMe (30) 
24 
The epimeric diesters 25 and I§_ are available (chapter 3), and their 
structures have been confirmed by X-ray analysis. 111 NMR techniques for 
steric determinations involve chemical shifts and coupling constants, 
particularly in relation to the use of different solvents and lanthanide 
shift reagents (LSR). 112 
1H NMR shifts on the dienyl segment of both neutral and cationic 
l h b · 7 ct · · h . t 14,36,70 comp exes ave een extensive y use to assign regioc em1s ry. 
An analysis of long range H,H coupling in relation to the planarity of the 
diene segment is found in th; literature. 113 The examination here for 
stereochemistry is concentrated on the protons attached to tetrahedral 
carbons and to the substituent itself. 
2.2 1H NMR chemical shifts 
31 
OMe 
33 
C0 2Me 
(C0) 3Fe ---
C02Me 
I I I 1 1e 
25 
,,, 
, CO 2 Me 
(C0) 3Fe 
32 35 
OMe 
34 36 
The chemical shift of the 6S-C02Me in the diester e (6 3.66) is slightly 
higher than that of the 6a-C02Me in~ (6 3.60) in agreement with the 
genera lly observed deshielding effect of Fe(CQ)3 on s -substituents. 53c, 70,ll 4 
. 51 70 The isomeric monoesters 27 and 28, reported earlier as a mixture, ' 
have now been separated (section 3.2). Only one isomer of the pair was 
observed to undergo hydride abstraction and on this basis it was assigned 
the structure 27. This assignment is in accord with the chemical shift 
of the S-C0 2Me (6 3.65) which 1s higher than the a -C0 2Me (6 3.56). Table 
2. l gives the chemical shifts of a range of C0 2Me (Q - l§_) which, on the 
assumption that S-C0 2Me resonates at lower field than the a -C0 2Me, form 
a self consistent set of data supported by consideration of the CH 2 
splitting pattern data below. It is also consistent with other information 
including 1n some cases relative rates of hydrolysis (chapter 4). A 
generally observed feature is that S-C02Me appear at o ~ 3.63 and a -C02Me 
TABLE2.l 
Chemical shifts (o 1n ppm) of allylic methoxycarbonyl and methine protons 
0 B-C0 2Me 
(compound) 
3.66 
Ce) 
3.65 
(_~) 
3.63 
(~2) 70 
3.63 
(BJ 
3. 7 6 
(}l) 4 9 
3. 7 0 
(TI_) 
3.73 
0 a -C0 2Me 
(compound) 
3.60 
(~) 
3.56 
(~) 
3.60 
(lQ) 7 0 
3.55 
(E) 
3.63 
(34)49 
3.62 
(TI_) 
3.63 
(~) (~) 
60 B-C0 2Me a -C0 2Me 
0.06 
0.09 
0.03 
0.08 
0. 13 
0.08 
--
0. l 0 
0B-H 
(compound) 
3.50 
(~) 
2.90 
(~) 
3.30 
(30) 
3.26 
(_1?__) 
3.40 
(TI_) 
6 a -H 
(compound) 
2.40 
(Q) 
2.48 
2.92 
(l]_) 
2.97 
(TI_) 
6oB -H 
a -H 
l . l 0 
0.42 
0.34 
0 . 43 
26 
at o ~ 3.63 so that on this basis alone a reasonably certain assignment 
of stereochemistry requires both isome rs. 
The proton attached to the same carbon as the allylic substituent 
also shows (Table 2. l) significant effects of a - or B-confi gurat ion, the 
B-H resonating at lower field than the corresponding a -H by 0.34 - l. 10 ppm. 
Based on these and previous conclusions 70 it can be suggested that 
os-co2Me > oa-C0 2Me and oB- H > oa -H' enabling members of available pairs 
to be distinguished. 
2.3 Splitting patterns 
The methylene protons adjacent to the carbon to which an a - or a 
B-substituent is attached, display splitting patterns characteristic of 
the stereochemistry. In some cases, the patterns are discernible only in 
the presence of a lanthanide shift reagent (LSR). In the following discus-
sion, the methylene splitting pattern characteristic of an adjacent 
a-substituent is referred to as 11 CH 2(a )-splitting 11 • Analogously, 
11 CH 2(B)-splitting 11 implies the pattern for a B-substituent. 
2.3. l a -Stereochemistry 
.-
R - N3 ( 37) ,
33
,
115 NHPH ( 38 ), 41 
OMe ( 3 9 ) , 3 3 OP h ( 4 0 ) , 58 
- -
SPh ( 4 1 ) , SJ a Se Ph ( 4 2 ), 
- -
CN ( 43 ) , 14 , 33 Ph (44 ),SJb 
- -
CMe 2CHO ( 45 ),
49 C0 2H ( 46 ) 
R 1 
R2 
(C0) 3Fe 
,,,, 
Rl 
(C0) 3Fe 
Rl 
= CO Me· R2 2 ' = Me ( 4 7), C02H ( 4 8 ) , 
OH ( 4 9) 
Rl R2 = = OAc · N 3 ( 5 0) ' 11 5 OMe ( ~ ) 11 5 
' 
Rl 
= OMe· R2 = t8u (52), C02H (53) ' 
0 
Rl 
= Me; R2 = l 0 Pr ( ~)' 
-0 ( 5 5) 42 
Rl 
= OMe; R2 = OEt 
-
( ~) '36 CN ( 5 7 ) 14 
R1 - Me; R2 = H2N@Me (58)
41 
R l = Qrv e ; R 2 = S E t ( 5 9 ), l l 6 
C H ( CO 2 E t ) 2 ( 6 0 ), 
4 g 
CH 2CH =CH2 ( ~ )43 
27 
A range of a-substituted complexes, some examples of which are given 
above, showed CH 2 splitting Batterns similar to that of the a -C0 2Me 
di ester~ (Fig 2. l) . The compounds 37 - ~, 49 - 52 and 54 - ~ 
were available from the addition of appropriate nucleophiles to the 
corresponding salts . The assignment of the a -stereochemistry to the 
compounds which were prepared by the sequence complexation and acid-
catalysed isomerisation (~, section 4.2) or base-catalysed hydrolysis 
(46 and 48, sections 4 . 2 and 4.3.l ), was based on the observation that they 
were unaffected by Ph 3 Cffi. 
The coupling constants and the chemical shifts responsible for the 
pattern were deduced fro m the spectra which had reasonably large 6v/J 
H4 
I 
8 3 · 21 
H,e 
8 343 (J 6 ,,B = 12 ·0 Hz, J6 ,a = 3 ·7 Hz) 
' '
1 C02Me H,e ____ 8 2 ·38 (Ja,,B = 15 ·5 Hz, J4 ,,B = 3 ·5 Hz) 
I 11 H 8 I · 8 I ( J4 a = 2 · 8 HZ) a , 
-· 
Figure 2.1. Methylene splitting pattern characteristic of an adjacent 
a -substituent. 
TABLE 2.2 
Some examples to illustrate the consistency of coupling constants (Hz) 
1n a given steric series 
Compound 
26 
40 
42 
47 
49 
54 
J 
a , S 
l 5. 5 
l 5. 5 
( l 5. l ) 58 
l 5. 5 
16.0 
15. 0 
15. 0 
J 6 , Cl 
12.0 3.7 
11 . 0 4.0 
( 9. l ) 58 
l O. 0 4.0 
l 0. 0 4.0 
.-
10.0-11.0 3.5-4.0 
10.0 4.0 
3.5 
3.5 
4 . 0 
3.5-4.0 
3.5 
3.5 
J 4, a 
2.8 
2.8 
3.0 
3.0 
2.5-3.0 
3.0 
Computer - simulation l-.8~, p.p.m. Observed e.g . 
0 ·87 
49 
0 · 35 
43 52 
_,_
0 · 16 
46 
-0 · 15 62 C = 2 X 10- 1 mol L -, 
-0 · 28 62 
-0 ·36 62 
.• 
Figure 2.2. CH 2 (a )-splitting patterns; com puter-si mulated and observed. 
28 
values, by application of double-resonance techniques. The spin-decoupling 
also showed that the long-range couplings would be insignificant in this 
respect, the important contributors being geminal and vicinal couplings. 
The coupling constants were, surprisingly, of the same order of magn itude. 
Some representative examples are given in Table 2.2. 
A computer-simulation (NMRSIM program) 142 of the CH 2(a )-splitting 
was performed, based on J and o values indicated for the a-C0 2Me diester 
~ in Fig 2.1. l'-.o~ (= oB -H of CH 2 - oa-H of CH 2) was varied. Results are 
depicted in Fig 2.2. Several compounds corresponded to the patterns where 
l'-.0 8 = 0.35 to 1.00 ppm, e.g. I!_ - ~' 47 - _§.l_ and .§1_. 
a 
COMe 
' '\' 
An example for a more complicated pattern, possibly due to a small 
l'-.0 6, is provided by the a -COMe complex 62 whose stereochemi stry has been 
a 
unambiguously determined by L~wis et az . 35a The replacement of one carbonyl 
by a Ph 3 P (.§1_) 68a results in the typical CH 2(a )-splitting pattern (Fig 2. 1), 
with the possible indication that l'-.oB may be increased appreciably by 
a 
appropriate ligand displacemen ts. 
I n the pres en c e of Eu ( f o d -d <) ) 3 , 4 x l O - 1 mo 1 9, - 1 , the comp o u n d g 
shov1ed CH 2(a )-splitting but with effective reversal of the order of chemical 
shifts (o) for HS and Ha of the methy lene protons. The computer 
simulation corres ponded to l'-.oB = - 0.36 ppm. The LSR upon complexation 
a 
with the a-acetyl group, produces a greater downfield shift at the adjacent 
a -H than at the corresponding B-H. 
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Magnetically the CH 2 protons can be made significantly non-equivalent 
1n the presence of a paramagnetic shift reagent or by appropriate ligand 
displacement, and the simplified pattern can lead to the deduction of 
coupling constants. The use of LIS seems superior to ligand displacement 
because the latter process cannot be effected directly and reversibly. 
2.3.2 B-Stereochemistry 
In the presence of Eu(fod-d 9 ) 3 , l.5 x 10- 1 mol ,Q, - 1 , the B-C0 2 Me ester 
25 gave the pattern shown in Fig 2.3, from which, 6v/J being significantly 
large, the appropriate o and J were extracted in the usual way for 
computer simulation studies. 
The simulation of the CH 2 (B)-splitting by variation of 60 6 gave ex 
patterns resembling those resulted from sequential addition of LSR to the 
B-C0 2Me diester e (Fig 2.4). 
R2 
R2 - H ; R = CO 2 ~·1 e ( 2 7 ) , C O 2 H ( 6 4) , -(C0) 3Fe 
- C0 2CH 2co@ sr ( 65), Me ( 66 )44 ,, 
''R 
R2 
= OMe; R = Me ( 6 7) 36 
Simulation of the CH 2(B)-splitting of the compounds!!_, .§i_ and~ 
required 60 6 = 0.35 
ex 
corresponding to 60 6 
ex 
ppm. Both S-Me complexes_§_§_ and§]_ gave patterns 
0.60 and - 0.80 ppm, respectively. The structures 
Computer - simulation Observed e.g . 
0 ·60 25 C = I· 3 x I 0- 1 mol l-1 
0 ·35 25 C = l·O x 10- 1 mol l- 1 
0 ·30 27 
0 ·20 25 C = 0 ·8 x 10- 1 mol l- 1 
O· I 0 25 
.-
-0 ·80 67 
Figure 2.4. CH 2 (S)-splitting patterns; computer-simulated and observed. 
H4 
I 
8 4 ·00 
H ,B 
C02Me 84 ·86 
,,,H:.__---
6 ___ 83 ·62 
(JG,a = 8 ·0Hz, J5
1
,B = 6 ·0Hz) 
( J a ,/3 = 15 · 5 Hz , J 4, /3 = 3 · 3 Hz) H,e 
11
'Ha ---- 8 2 ·93 (J 4 ,a = 3 ·0 Hz) 
.-
Figure 2. 3. Methylene splitting pattern characteristic of an adjacent 
s-substituent . 
TABLE 2.3 
Dihedral angles from X-ray structures 111 
Dihedral angle ( 0 ) 
6( B) - C(6) - C(5) 
- HS 
6( B) - C(6) - C(5) - H Cl 
6(a ) - C(6) - C(5) - H B 
6(a ) - C(6) - C(5) - H 
Cl 
R(4) - C(4) - C(5) - H B 
R(4) - C(4) - C(5) - H 
Cl 
e 
25 
l 5 ( l ) 
106(2) 
133 ( l ) 
12(2) 
57(2) 
64(2) 
43. 4 
6 ( B\ R 
111 6 (c) 
HS 
26 
0(3) 
118(3) 
123(2) 
5(2) 
54(3) 
69(3) 
42. l 
33 68* 
3(2) 3(3) 
120(2) 107(5) 
114(2) 112(3) 
32(2) 7(5) 
50(2) 30(6) 
69(2) 81 ( 6) 
42.5 42.3 
8 = the angle between the nor~als to the planes through C(l), C(2), 
C(3), C(4) and C(4), C(5)~ C(6), C(l) 
* For compound 68, the deviations have been calculated from the 
assumed errorsin the location of H atoms from electron density 
difference maps. 
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of~, 66 and 67 have been confirmed by either conversion to known 
compounds (e.g. ~ ~ 27,section 3.4) or by hydride abstraction (e.g.~). 
It is very likely that B-H of the CH 2 of 66 and 67 resonates at a 
higher field than its epimeric a-H. 
Consistency in coupling constants for a given steric series, in 
spite of the diversity of substituents, suggests that the dihedral angles 
possibly featuring Karplus relations, 117 may be approximately uniform for 
these complexes. A justification comes from the torsional angles extracted 
l l l from the X-ray structures of Q, I§_,~ and 68 (Table 2.3). 
68 
2.4 Lanthanide induced shifts (LIS); stereochemistry and basicity 
Shift reagents have been used in classical organic chemistry112 and 
1n one instance to differentic{te isomeric tricarbonyldieneiron complexes in 
. 34a 
a mixture. 
Fig 2.5 shows the shifts(C02Me resonances) on sequential addition of 
Eu(fod-d 9)3 to CDC1 3 solutions of the diesters Q, 26 and 35. With 
increasing concentration the a -C0 2Me of 35 increased in o to a greater 
extent than the B-C0 2Me of the same molecule. This was anticipated; 
Fe(C0)3 should hinder the complexing of the B-C0 2Me. 
Another conclusion from shift studies on 25 and 26 is an indication 
of the high basicity of the l-C02Me compared to the 6-C02Me, already 
,B-C02Me 
a-C0 2 Me 
I-C02Me 
25 
8 4 ·0 
--
26 35 
8 4·0 8 4·0 
[Eu(fod-dg) 3 ] 
x 10- 1 mol l- 1 
0 
0·3 
0 ·5 
0·8 
I· I 
I ·3 
I ·8 
Figure 2.5. Shifts of C02Me resonances on sequential addition of 
Eu(fod-d 9)3. 
TABLE 2.4 
Aromatic solvent induced shifts (ASIS) 
+0 12 
' ppm 
+0-43 
(OC) 3 Fe---r-
+0 ·58 ~ 
+0 ·23 
I +0 ·33 
C02Me 
+0 ·31 1/ 
(OC) 3Fe--
+0·67 ~ 
+0 64 
+024 ~ 
(OC) 3Fe~-
+0·86 ~ 
+0 ·76 
I +0 ·08 - +0 ·36 
11
'
11C02 Me +0-40 
H +0 ·39 
I I I 
11H +0 ·30 
--
+0 ·78 
(OC) 3Fe-.-
+0 ·86 ~ ,,, 
+0 ·36 ~ 
(OC) 3Fe_,.-
+0·85 ~ 
+0 ·77 
+0 ·1 8 
+0 ·76 1/ 
(OC) 3Fe-.-
+0·76 ~ 
+0 ·35 
H +0-46 
''H+0-41 
+0 ·37 
C02Me 
11111H +0 · 1·5 
H +0-40 
I I 
111H +0-40 
+0 · 41 
C02Me 
111
'
1H -0 ·04 
H -0 ·08 
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inferred from very slow alkaline hydrolysis of the l-C0 2Me (chapter 4). 
The slope of the plot of LIS vs. concentration of the reagent 1s a 
f b. d. 118 measure o 1n 1ng. Both Q and~ showed a significantly larger 
slope for the l-C0 2Me than the 6-C0 2 Me. The much greater selectivity 
that manifests between the 1- and 6s-C0 2 Me of Q compared with the a- and 
s-C0 2 Me of~' must be a composite of steric and basicity effects. 
Complexing occurs to C=O rather than 0Me, 118c so the greater polarisation 
of the carbonyl of l-C0 2 Me is probably effected by electron-donation from 
the diene-Fe(C0) 3 system. 
The 6a-H of 25, the 6S-H of~ and the a- and s-Hof~ all show 
significant shifts, probably because of interactions through bonds rather 
than space. 119 
2.5 Aromatic solvent induced shifts (ASIS) 
The ASIS are useful 1n assignments of configurations involving polar 
groups. 112 The complexes Q, ~ and 35 have been examined (Table 2.4) 
ln t f ~ _ ~ = ~~ COC1 3 erms O UCOCl3 UC606 uu c6o6 
The ASIS are believed to arise from dipole interactions of benzene 
with the positive centres of the solute, and values vary considerably with 
the structure. 112 , 120 In the~e compounds either or both Fe(C0) 3 and 
C0.2 Me could be involved. In the parent tricarbonylcyclohexa-1,3-dieneiron, 
the Fe(C0) 3 produces a very large 66 COCl ~ compared with the uncomplexed c6 06 
diene. With an l-C0 2 Me, an effect in the opposite direction is observed 
with a 
results 
60 CDCl 3 C5 06 
reduction of 66 ~~~! 3 for the 2-H in Q and~- A 6-C0 2 Me in addition 
in a negative 66 ~~~! 3 for 6B-H (- 0. 10 ppm) and a positive 
for 6a-H (+ 0.15 ppm) . However, the comp lex TI_ shows 68 ~~~! 3 - 0. 08 
and - 0. 04 for the s -H and a-H, respectively. It does not at present seem 
possible to derive concrete correlations to assign stereochemistry on the 
basis of ASIS alone . 
TABLE 2.5 
13c NMR chemical shifts (6, ppm, CC1 4 ) of 25 and 26 
26 
~[l ,6a-(C0 2Me )2J .Q[l ,6 g-(C0 2Me) 2] 6625 = 626 - 625 
Fe(C0) 3 209 . 077 ( s) 208.422 ( s) + 0.655 
-CO 2- 172.321 ( s ) 172.716 ( s) - 0.395 
-CO 2- 1 69. 989 ( s) 170.378 ( s) - 0.389 
C-2 88.305 ( d) 87.007 ( d) + l .298 
l JCH = 177.7 Hz 1 JCH = 179.7 Hz 
C-3 85.059 (dd) 84.539 (d) + 0.520 
l 171.9 Hz l JCH = JCH = 170.0 Hz 
2 7.8 Hz JCH = 
C-l 62.982 ( s) 65.839 ( s) - 2.857 
C-4 58.827 (d) 61.034 ( d) - 2.207 
l JCH = 162.l Hz 1 JCH = 160.0-Hz 
2 x OMe 51.165 (q) 50 .905 (q) + 0.260 
1 -~ l JCH = 146.5 Hz JCH = 146.5 
C-6 40.646 (d) 37.789 (d) + 2.857 
1 JCH = 136.7 Hz 1 JCH = 136 .7 Hz 
C-5 30 .1 27 (t) 32 . 724 ( t) - 2.597 
1 JCH = 130.9 Hz l JCH = 128.9 Hz 
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2.6 13c NMR 
Crowding of carbons in organic molecules, shown by resonance of 13c 
at higher fields than similar non-crowded carbons, has been deduced from 
d d f . . . . l l 112 spectra an use or steric assignments in organic mo ecu es. 
Examination of 25 and 26 using double resonance techniques permit assign-
ments shown in Table 2.5. The more compressed isomer 25 shows small up-
field shifts ( < 1 ppm) for Fe(C0) 3 , both 0Me and C-3. Rather higher up-
field shifts can be seen for C-2 and C-6. The remaining C of Q show 
downfield shifts (2-3 ppm) compared with corresponding atoms in~. While 
attempts could be made to explain these shifts, based on exact X-ray 
structures, it is again obvious that the practical organic chemist, faced 
with a steric assignment would not be greatly helped. 
2.7 Tricarbonylcyclohexadienyliron cations 
69 - 70 
The 1H NMR spectra of the epimeric cations 69 and 70 were examined. 
The S-C0 2Me cation 69 which was obtained from hydride abstraction from the 
ester 27, displayed a C0 2Me resonance at o 3.84 and a singlet at o 3.04 
assignable to 6-H. The corresponding protons of the a -C02Me cation]_!}___ 
appeared at o 3.51 and 3.83 (triplet). The latter was prepared by acid 
catalysed demothoxylation of 30. 
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From this somewhat limited data it would appear that the generalisa-
tion o > o , o > o is also valid for the cations in S-C02Me a-C02Me S-H a-H 
this series. Deuterium labelling studies have also indicated that s-Hof 
methylene protons resonates at lower field. 72 
The X-ray structure121 of tricarbonyl(n 5 -2-methoxycyclohexadienylium)-
iron tetrafluorborate reveals that the 66-H is approximately parallel to 
the dienyl system while the 6a -H is almost normal to it. Inspection of 
the coupling constants of 6-H above would indicate similar structural 
feature for 6a -H of 70 and 66-H of 69. 
In favourable cases, the splitting of 6-H can provide further correla-
tion concerning the steroechemistry, a singlet being characteristic of a 
s-substituen t and a triplet an a -substituent. By way of example, the 
a-tBu cation 71 116 formed from demethoxylation of 52 shows its 6s-H as a 
triplet at o 2.5. 
71 
2.8 Mass spectroscopy 
Mass spectral fragmentation of organic stereoisomers can sometimes 
be logically related to configurations. 122 
Electron impact on diene-Fe(C0)3 complexes is assumed to lead to 
an electron-deficient system in such a manner that the Fe maintains the 
deficiency at as low a level as possible, leading to stepwise loss of 
co .12 3 If other coordinating groups are attached to Fe, which are more 
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strongly electron-d onating than CO, loss of the diene group from Fe 
(radical ion LFe, Table 2.6) and a corresponding decrease in intensity of 
radical ion FeC 6H6 is observed . Attachment of an aromatic ligand to Fe 
as 1n 72 also results in preferential loss of the diene portion. 
Me Me 
Me 
72 
The efficient attachment of electron-deficient iron to the aromatic 
ring in the mass spectrometer seems to result in aromatisation of the 
complexed diene after loss of CO from the diene-Fe(C0) 3 complex. Loss of 
Hor other substituents from sp 3 carbons is required for such aromatisation, 
d · t · f. 124 1 . h l h d. . t l f an 1s s ereospec1 1c at east 1n t e eye o exa 1ene case 1 se , 
involving loss of both s-hydrogens. This may well occur via intermediate 
transfer of H to Fe, supported by the observation of Fe(C 5 H5 )H as a fragment 
in the analogous cyclopentadienyl complexes, 125 and C6 (Me) 6 FeH 1n the arene 
complex 72. Migration of a substituent from the ligand to metal has also 
been observed126 (RFe in Table .2.6), the presence of FeOMe in the spectrum 
of diester complexes (Table 2.7) and C6 Me 6 Fe0Me in the spectrum of l...1_. 
This iron-mediated loss of substituents from the organic ligand 1s 
of particular interest, in view of stereochemical implications. An 
analysis of the mass-spectral fragments of five isomeric diester complexes 
TABLE 2.6 
Major mass spectral fragments of 
( = M) 
Radical ion m/z (abundance %) 
L = CO P(0Me) 3 PBu 3 PPh 3 AsPh 3 
M 220 316 394 454 498 
(07) ( l O) (05) (06) (04) 
M-CO 192 288 366 426 470 
(33) (29) ( 1 0) ( 11 ) ( l O) 
M-2C0-2H 162 258 336 396 440 
(09) ( l 00) ( l 00) (26) (02) 
FeC 5H5 134 134 134 134 134 
=M-2C0-2H-L ( l 00) ( 18) (03) (02) (07) 
LFe 84 180 258 318 362 
( l O) (39) (04) ( 81 ) ( 100) 
256 t 
.-
(50) 
RFe 87 133 133 
(02) (03) ( 14) 
(R=OMe) (R=Ph) (R=Ph) 
-j-
m/z 256 corresponds to LFe-2H 
TABLE 2.7 
Some mass spectral fragments of isomeric tricarbonyl( n4 -dimethoxycarbonyl-
cyclohexa-l ,3-diene)iron complexes 
Radical ion m/z Relative abundance % 
l , 6G- (Q) l , 6a - (£§_) 5G, 6B- (ll__) 5a , 6a - (_l?__) 5a , 6G- (~) 
M 336 0.04 7.5 0.35 l l . 0 0. l 
M-0Me 305 8.5 0.6 7.5 l . 2 0.2 
M-C0 308 7.5 5.0 3.3 9.0 23.0 
M-2C0 280 43.0 36.0 55.0 65.0 47.5 
M-3C0 252 37.5 39.5 l 00. 0 100.0 100.0 
M-Fe(CQ)3-2H 194 32.5 31.0 3.5 18.0 7.0 
FeC6H6 134 100.0 l 00. 0 70.0 81.0 77.0 
Fe0Me 87 12.0 9.0 33.0 13.0 16. 0 
-
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e, ~' ll_, E_ and 36 is given ,n Table 2.7. The results do indicate 
that loss of OMe from the molecular ion is more prominent with S-C0 2Me, 
than for a-C02Me. Again, however, the significance of a given result 1s 
likely to be assessable only if a pair of isomers is available. 
2.9 Remarks in conclusion 
The most useful spectroscopic parameter for distinguishing a- and 
s-stereochemistry appears to be the vicinal coupling constants of the 
hydrogens attached to sp 3 -carbons. The hydrogens on the same side as 
the metal (i.e. S) have a vicinal coupling constant of ca 10-12 Hz while 
the corresponding value for a -hydrogens is ca 8 Hz. The consistency of 
coupling constants in a given steric series leads to the observation of 
CH2 splitting patterns (Fig 2. l and 2.3) characteristic of stereochemistry 
of the examples where the CH2 is flanked by two vicinal protons. In some 
cases the simplification of the spectrum, preferably by use of a paramagnetic 
shift reagent, 1s necessary for estimation of coupling constants and/or 
observation of the pattern. 
For confirmation of the configuration in terms of other spectroscopic 
parameters such as chemical shifts, lanthanide induced shifts (LIS), 
aromatic solvent induced shifts (ASIS) and mass spectral fragmentations, 
may require both stereoisomers: 
Usually 6 > 6 The esters discussed above, s-substituent a -substituent· 
for example, show 6S -C0 2Me ~ 3~63) oa-C0 2Me· However, one has to be 
cautious with the generalisation that o6_H > oa-H' as exceptions to this 
have been noted with s -Me complexes_§_§_ and 67. Larger LIS are observed 
for S-C0 2Me than a -C0 2Me due to steric reasons. Preferential loss of a 
s-substituent (e.g. OMe) through iron-mediation is possible in the mass-
probe . 
CHAPTER 3 
STEREOSELECTIVITY OF COMPLEXATION OF CYCLOHEXADIENE ESTERS 
WITH PENTACARBONYLIRON 
3.1 Introduction 
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Substituted tricarbonyldieneiron complexes need to be readily 
available in a pure form if they are to be employed as synthetic 
intermediates. The reaction of substituted cyclohexa-l ,4-dienes with 
pentacarbonyliron usually results in a mixture of isomeric complexes, 
the major isomer being the less crowded a -isomer when there is a choice 
with alkyl or similar substituents (section l .5.2). The more crowded 
70 93 . S-CO 2Me 27 has, however, been noted ' as the maJor product from the 
complexation of the l ,4-diene 73, implying an energetically favourable 
interaction between the ester function and the incoming metal portion 
during the process of complex formation. A similar observation has been 
made by Whitesides and coworkers. 92 Further examination of this 
stereoelectronic interaction has been hitherto prevented due to the 
inability to separate the isomeric components of the products. 
In view of the important synthetic significance of such a stereo-
selective process, further stud1es were carried out in order to verify 
the initial observation and to establish what degree of stereoselectivity 
can be achieved in different structures and under different conditions. 
This study shows that the distribution of products depends to a great 
extent on the initial coordination-site at the organic ligand. Single 
isomers can be obtained with appropriate substitution. 
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RESULTS AND DISCUSSION 
3.2 Is isomerisation of ester complexes possible during their formation? 
R 
R CO 2Me 
-• ...~ (CO)fe_..,_ 
J + 
Fe(C0) 5 ~ 
R = H ( 73) 
R = OMe ( ~) 
R = C0 2Me ( 7 5 ) 
R = Me ( 7 6) 
R = H (~) 
R = OMe ( 2 9 ) 
R R 
,,CO2Me M O C 
,0 e 2 
(co) Fe + (co) Fe J J ~ ~ 
R = H (28) R = H ( ~ ) 
R = OMe ( 3 0) R = OMe ( 77) 
The reaction of the diene 73 with pentacarbonyliron has been 
70 
reported to give a mixture of isomeric complexes 'll_ (5 S-C0 2Me), ~ 
(5a-C0 2Me ) and g (2-C02Me). Initial complexation of the reactive iron 
species with the ester group has been suggested in order to explain the 
preferential formation of the more sterically crowded isomer 27. One 
possible mode of formation of the other products 28 and g is through 
isomerisation during the reactfon of an initially formed 5S-C0 2Me complex 
27. To test this possibility, the pure ,~omer 27 was needed in order to 
subject it to the complexation conditions. 
The 5S-C02Me complex 'll_ could not be fully separated directly from 
its isomers by conventional methods including chromatography on AgN0 3 -
impregnated silica. Separation was, however, accomplished by fractional 
crystallisation of the mixture of carboxy complexes obtained by alkaline 
hydrolysis. Methylation (Me 2S0 4 ) of the individual acids afforded the 
pure 'll_ (5 ~-C0 2Me) and~ (5a-C02Me). The ster ic structures we re confirmed 
by both chemical (hydride abstraction) and physical means (1H NMR, 
chapter 2). The 2-C0 2Me complex _J1_ was readily obtained from the 
complexation of the available corresponding 1 ,3-diene. 51 
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The pure complexes 27, 28 and _J1_ were subjected to the complexation 
conditions used in reactions with the diene 73. In all cases, the starting 
complex was recovered indicating that the original mixture is kinetically 
determined presumably through coordination of Fe(CO) (n = 382 or 481 ) 
n 
with the diene 73 and subsequent isomerisations via allylic intermediates. 
For further discussion of this sequence a consideration of the 
conformation of the free 1 ,4-diene is useful. Rabideau and coworkers 127 
have used homoallylic coupling constants (1H NMR) to determine the 
preferred conformation of cyclohexa-1 ,4-dienes. Their results suggest 
that cyclohexa-1 ,4-dienes assume a nearly planar conformation which 1s 
evident from homoallylic coupling constants between 7.5 and 8.3 Hz. 
Cyclohexa-1,4-dienes in this study also displayed coupling constants 1n 
this range, and are, therefore, considered to exist in a planar or a near-
planar conformation in the following discussion. 
The approach of the coordinatively unsaturated iron species Fe(CO) 
n 
to the olefinic bonds of cyclohexa-1 ,4-diene could occur from either side 
of the plane of the molecule. A bulky group attached to one methylene 
.• 
carbon would be expected to interfere by steric hindrance, and complexation 
would then take place predominantly on the side opposite to the bulky 
allylic substituent, as has been observed with (-)-phellandrene. 40 Since 
it does not in this case, another effect is operating. Initial interaction 
of the Fe(CO) with the ir -electrons of the ester carbonyl, would favour 
n 
approach of Fe(CO) to C=C from this direction. The mechanism of 
n 
conjugation is probably through H-transfer via Fe(C0) 3 and allyl complexes 
(section 1.5. 1). 76 ,89 This implies that H shift must occur on the same 
side as the Fe, i . e. only from the 4-position with S-approach, but there 
1s a choice between l- and 4- with the a -a pproach (see Scheme 3. l). The 
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approximate equality of~ and ]1_ (see Table 3. l) suggests that the 
selectivity between the two allylic hydrogens is low. The ratio of (Q) 
to combined (~) and (]1_) represents the ratio of initial S- to a-attack. 
3.3 Effect of complexation conditions 
The complexation of the diene ester J..l with Fe(C0) 5 was examined 
under various conditions with a view to gaining further insight into the 
complexation process, and to see whether the reaction conditions could 
be controlled to produce one specific isomer. Results are shown in 
Table 3. l. 
Reaction time does not appear to have any significant effect on the 
selected isomer ratio under thermal conditions, although prolonged heating 
caused extensive decomposition . Surprisingly similar ratios were obtained 
at both high temperatures (therma l conditions), and near room temperatures 
under photochemical conditions. This observation together with the 
result from the application of complexation conditions to the pure 
complexes Q, 28 and 12 which were isolated unchanged suggests that the 
complexation product is essentially kinetic controlled and the reaction 
largely irreversible even at high temperatures . Complexation studies 
with acyclic hexadienes have also indicated the kinetic-control character 
f th t . 81a : o e reac ion. 
The polar nature of the initial coordination of the Fe(CO) group 
. n 
with the ester function is evident from the results of the comp lexation 
in the more polar methanol (see Table 3. l) . Here the percentage of 5S-
1somer is lower, indicating that the steric effect of the substituent 1s 
+he 
taking over from ester complexing. Although/isomer ratio 1s affected by 
solvent, conditions could not be found to produce either the pure a - or 
the pure S-C0 2 Me complex. 
TABLE 3.1 
Product distribution in the reaction of methyl cyclohex3-2,5-dienecarboxylate 
(Zl) with Fe(CO)s under different conditions 
Reaction conditions Yield( %)b Isomer ratioa 
27 28 12 
n-Bu20, reflux, 18h 50c 74 13 13 
n-Bu20, reflux, 20h 56c 70 l 5 l 5 
n-Bu20, reflux, 36h 30 60 10 30' 
n-Bu20, reflux, 18h 56c,d 80 10 10 
Et20, hv 
' 
4h 43 75 15 l 0 
n-hexane, hv 
' 
4h 27 70 l 5 15 
MeOH, hv 
' 
2h 07 50 25 25 
n-BuOH, hv 
' 
18h 02 50 25 25 
a Isomer ratio was calculated from 1H NMR spectra. 
b The yield after distillation at 80-82°C/O.Ol mmHg. 
c Recovered diene and Fe(CO)s from the first run were reacted again. 
d Fe(CO)s in n-Bu20 was addee dropwise to the diene in n-Bu 20 with 
stirring while the reaction mixture was brought to reflux over a 
period of ca 4h. 
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3.4 Effect of more polar and sterically bulky substituents 
Variations in the structure of the ester function were made to see 
if changes in polarity or hindrance could decisively affect the a :B ratio. 
p-Bromophenacyl cyclohexa-2,5-dienecarboxylate 78 was investigated in the 
hope that the extra carbonyl group should assist B-selectivity. A 
method of Durst128 proved the most satisfactory for esterification of the 
diene acid. Other methods 129 gave larger amounts of aromatic products 
which were difficult to remove. Reaction of the diene TE_ with Fe(CO) s 
under thermal conditions gave a complex mixture of products compr1s1ng 
p-bromocetophenone, p-bromophenacyl benzoate and a low yield of a yellow 
unstable oil which was consistent in spectroscopic properties with the 
5S-isomer 65. The assigned stereochemistry was inferred from the splitting 
pattern of methylene protons characteristic of an adjacent B-substituent 
(section 2.3.2). This assignment was confirmed by treatment of the oil 
with zinc/acetic acid 129 to give tricarbonyl( n4 -5S-carboxycyclohexa-l ,3-
diene)iron 64, which after rn ethylation yielded the 5S-C0 2 Me ester'!]_, 
identical (1H NMR,IR) with the complex described above. Whether selective 
or not, the yield is too poor to ma ke the process of any practical interest. 
-
COMe 
.. + 
Br 
78 65 
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3.5 Effect on stereochemistry of increased electron availability in the 
olefinic bonds (methoxy substituents) 
Fe(C0) 5 
MeO OMe 
OMe 
R H ( 79) Rl = H, R2 = C0 2Me ( 8 0) = 
-
R Me ( 81 ) Rl - C0 2Me, R
2 
= Me ( 33) 
= 
-
Rl = Me, R2 = C0 2Me (34) 
A dramatic reversal of stereoselectivity was observed on complexing 
the dimethoxy diene 79. Under standard thermal conditions the ester gave 
main ly 80, and only traces of other isomeric complexes which were not 
isolated. The structure 80 was determined by normal spectroscopic 
techniques, and the stereochemistry was assigned from the characteristic 
coupling constant of the two B- protons (ll Hz) and the chemical shifts of 
5B- H (o 2.90) and 5a -C 02Me (o 1. 58) . Further confirmation of the stereo-
chemistry was provided by resistance of the compound to hydride abstraction 
by trityl reagents . 
More detailed investigation of the complexation 70 of methyl 2-
methoxycyclohexa-2,5-dienecarbo xylate 74 resulted in a mixture of three 
complexes : ~ (1-0Me, 6S-C0 2Me) , IQ (1-0Me, 6a -C0 2Me) and ]J_ (l -0Me, 
2-C0 2Me) in a ratio of 5:6:9 (1H NMR) . The complexes IQ and ]J_ mu st 
arise from the a -approach of Fe(C0)n to the diene. The B-approach now, 
gives only the minor isomer 29 . 
The dimethoxy diene 81 in which either face has a substituent, a 
C02Me or a Me group in a geminal relationship, gave both S-C02Me and 
a -C02Me complexes, 33 and 34, respectively, in equal proportions. 49 
As discussed below, the diene without methoxy substituents, i.e. 85, 
formed only the S-C02Me isomer 90. 
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These results show that the coordinatively unsaturated Fe(CO)n 
approaches the diene by direct initial attachment mainly to then-electrons 
of C=C rather than to the methoxycarbonyl group, when the electron 
density is increased by methoxy substituents. The effect is most marked 
with the dimethoxy ester ']J_. 
It is particularly interesting that 79 and 81 retain the two OMe 
1n the products, whereas the dimethoxydiene lacking C0 2Me gives mainly 
monomethoxy complexes. 65 The probable mechanism of loss involves initial 
double bond migration away from the OMe, a process which must be inhibited 
here by the influence of C02Me. 
3.6 Effect of an electron withdrawing substituent at the olefinic site 
(methoxycarbonyl group) 
To determine the effect of an additional electron withdrawing 
substituent, the substrate dimethyl cyclohexa-2,5-diene-l ,2-dicarboxylate 
75 was prepared from trans -cycl~hexa-3,5-diene-l ,2-dica rboxylic acid. 130 
The di ester ].J_ with Fe(C0) 5 under thermal ·conditions gave in good total 
yield (74-93%) a mixture of three complexes, identified (chapter 2) as 
_e [ l , 6 8- ( CO 2 Me ) 2 ] , ~ [ 1 , 6a - ( CO 2 Me ) 2 J a n d ~ [ 5a , 6 S- ( CO 2 Me ) 2 J i n a rat i o 
of l:3:1. Comparison of the 1H NMR of the mixture and the compos ite of 
the three pure isomers confirmed that no other isomers were present in 
the crude product in detectable amount. Change of solvent from di-n-butyl 
ether to xylene for complexation afforded only a poor yield (< 30%) of the 
same complexes with an isomer ratio 25:26:~ of 4:7:4. 
1 
HFe(C0) 3 
H 
H 
Fe (C0) 4 
H 
H 
(~3) H 
~C02Me 
I 
H (OC)3Fe CO M 
25 2 e 
1 
HFe(C0) 3 
C02Me 
~ 
H 
I 
Fe(C0) 4 
C0 2 Me 
H . 
~I 
C02Me 
I 
C02Me 
' 
I l-i-
H Fe(co)3 C02Me 
I H 
HFe(C0)3 C02Me 
j j j j 
C02Me ~ C02Me f 
~-----'-< "' ' ,~~==< 
Fe(C0)3 (OC) 3Fe CO M (OC) 3Fe' C0 2 Me 2 e 
~ C0 2 Me 
'~-==~'" Fe(C0) 3 
C0 2Me 
83 32 26 84 
Scheme 3.1. Theoretically possible steric approaches of Fe(CO)n to the 
nuclear bonds of dimethyl cyclohexa-2,5-diene-l ,2 -dica rboxylate 
and the resulting allyl intermediates leading to all six possible 
isomeric complexes. 
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In order to consider a mechanism for the formation of products, all 
theoretically possible steric approaches of Fe(CO) to the nuclear bonds 
n 
(g) and the resulting allyl intermediates leading to all six possible 
isomers are shown in the Scheme 3. l. The fact that the compounds 32 
[5a , 6a-(C02Me) 2] and 83 [l ,2-(C02Me) 2] are not observed in the reaction 
products suggests that the approach d is unfavourable indicating that l-C02Me 
group transfers the Fe(CO) to the adjacent double bond (c approach). 
n 
Absence of 84 [2,3-(C02Me)2] indicates that requisite allyl intermediate 
1s highly unfavoured, although the hydrogens (H' and H11 ) would transfer 
1n equal probability to the iron atom in the absence of a methoxycarbonyl 
group substituted at the l-olefinic position as noted previously (section 
3 . 2 ) . The u n fa v o u r a bl e nature of t h i s a l l y l i n termed i ate may be 
attributed to the steric compression resulting from two adjacent C0 2Me 
groups in a planar geometry. The formation of equal amounts of 25 and 
35 as react i on products i n both n-Bu 20 and xylene, suggests that 6-C02Me 
group transfers the Fe(CO) group to the equidistant double bonds (a and 
n 
b approach) in roughly equal proportions, the electron withdrawing methoxy-
carbonyl group at the l-position having seemingly little effect 1n this 
respect. The initial coordination of Fe(CO)n group with either l-C02Me 
or 6-C02Me group in the diene 75 is of similar probability as the amount 
of complex~ is approximately equal to the sum of 25 and 35, both in 
n-Bu20 and xylene. 
3. 7 Effect of methyl substituents 
Complexation of methyl 2-rnethylcyclohexa-2,5-dienecarboxyl ate 7G 
with Fe(CO)s has been found 51 to give a mixture of several isomeric 
complexes. [3ecau se of the formation of several isomers, it is difficult 
to extract any useful information regarding the stereochemical direction. 
TAGLE 3. 2 
Complexation of blocked dienes [Fe(C0) 5/nBu2o, reflux ] 
Diene Reaction Yield Product 
time (%) 
R1=Me , R2=R3=H( 85 ) 18h 44 90 
l R2=r~ 3=H( 86 ) 40h 98 R =CH2Ph , 91 
OMe 
R1=CH 2 ' R
2
=R 3=H( 87 ) 40h 98 92 
OMe 
R1=R2=Me, R3=H( 88 ) 40h 88 93 
R1=R 3=Me, R2=H( 8 9 ) 40h 76 94 
--
It was anticipated that replacing one of the methylene protons by a 
suitable blocking group would reduce this complexity by limiting the 
number of possible allyl intermediates. This led to the study of a 
series of blocked cyclohexa-1 ,4-dienes. 93 
3.7. l Complexation of blocked cyclohexa-1 ,4-dienes 
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Some blocked dienes (85-§2_, Table 3.2) were prepared for this study 
by reductive alkylation 131 of benzoic or methylbenzoic acids with the 
appropriate alkylating agent (see experimental), followed by methylation 
of the carboxy group with Me 2 S0 4 . The results of the complexation with 
Fe(C0) 5 are given in the Table 3.2. The structures of the complexes 
90-2_± were deduced from their spectral properties. The s-stereochemistry 
of the methoxycarbonyl groups was further evident from their resistance to 
alkaline hydrolysis (chapter 4). 
The fact that only S-C0 2Me complexes (2Q-2_±) were observed from the 
corresponding l ,4-dienes, suggests that the Fe(CO)n is transferred to 
double bonds only from the same side as the methoxycarbonyl group. This 
may be envisaged as a composite effect of initial stereochemical interaction 
of the Fe(CO) group with the ester function and steric hindrance from 
n 
the methyl or benzyl groups on the opposite side. Steric hindrance by an 
i sop r op y l gr o u p i s a l so man i f es·~ e d 1 n th e comp 1 ex a t i on 4 O of ( - ) - p he l l and re n e , 
where a 4:1 ratio of a-iPr (.J.1.): s-iPr complexes has been observed. 
The absence of any a -C0 2M-e complexes from 88 and 89, the dienes 
derived from 2- and 3- methylbenzoic acids, respectively, indicates that 
the inductive effect of Me at olefinic bonds is not sufficient to activate 
the double bond like OMe and permit competitive direction of the Fe(CO) 
n 
group from the side opposite to the C0 2Me group in the manner already 
discussed. Apparently, the effect of a methyl group is sufficient to 
induce selectivity between the two double bonds after the initial coordina-
tion of Fe(CO)n with the ester group. 
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(CO)nFe. 
·· ... 0 
···11 
COMe 
Me 
Me 
3.8 Steric effects in cyclohexa-1 ,3-dienes 
The dienes above all involve isomerisation of al ,4- into al ,3-
diene. In order to determine the extent of steric direction during 
complexation, with a preformed cyclohexa-1 ,3-diene, and also the directive 
effect of an anhydride group, cis -cyclohexa-3,5-diene-l ,2-anhydride _2i132 
was reacted. The product obtained in low yield under photochemical 
conditions, was a mixture of the S- and a - anhydride complexes (96 and 97 
respectively) in a ratio of 4:1. The reaction of the anhydride _2i with 
enneacarbonyliron in refluent butan-2-one afforded a similar mixture 
containing the S-complex 96 in al :2 ratio to the presumably more 
thermodynamically stable a - complex 97 . 
0 
0 .. (CO)/e + 
95 96 97 
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Formation of the more crowded B-isomer 96 as the maJor compound 1n 
the photochemical reaction with ether as solvent could result from 
stereochemical direction of the Fe(CO) group to the nuclear bonds through 
n 
an initial coordination with the polar anhydride function. Otherwise, 
the direct approach to the diene should have produced the less crowded 
a-isomer 97 . An alternative explanation involving selective decomposition 
of a-i somer 97 during the course of the reaction seems to be eliminated 
by the result of the complexation with mo re severe conditions with . 
Fe 2(C0) 9 in refluent butan-2-one, where the a- isomer was observed as the 
major product . In this case it is possible that the selectivity by 
initial coordination is reduced because of competition by the butan-2-one 
give 
which dissolves Fe2(C0)9 toia deeply coloured solution apparently with 
formation of a rather stable adduct. 
C02 Me C02 Me 
-1/" ,,CO 2 Me ,, \ 
--.. (co) Fe + (co) Fe 3 3 
C02Me C02Me 
~ ,, 11
'C02Me 
98 31 32 
-
Complexation of ci s -dimethyl cyclohexa-3,5-diene-1 ,2-dicarboxylate 
98133 with Fe(C0) 5 in ether under photochemical conditions gave, in good 
yield, a mixture of G- und n. -isolllers (ll_ and 32 respectively) in 2:1 ratio. 
The observation of the sterically crowded, and thermodynamically very 
unstable G-iso111er 31_ as the lllajor product provides a clear-cut example for 
the initial stereochemical direction of the Fe(CO)n group by the ester 
function. 
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3.9 Conclusion 
Complexation of cyclohexadiene esters with pentaca r bonyl iron 
under the usual experi mental conditions is kinetically 
controlled. The distribution of isomeric products is determined by 
stereoelectronic factors, polarity of the medium and substituents on the 
diene being significant variables. Initial competition between methoxy-
carbonyl group and nuclear bonds for coordinatively unsaturated iron 
species, Fe(CO)n, can be pushed in one direction by proper choice of 
substituents rather than the reaction conditions. Methoxy substituents 
which increase the electron density at the olefinic bonds favour the 
initial coordination of Fe(CO)n to the diene resulting preferential 
formation of a -C0 2Me isomer. The S-C0 2Me isomer can be formed as the sole 
product by imposing steric constraints towards a-approach of Fe(CO) as in 
n 
blocked cyclohexadienes. 
CHAPTER 4 
TRICARBONYLIRON AS A LATERAL CONTROL GROUP IN THE ALKALINE 
HYDROLYSIS OF SOME CYCLOHEXA-7 ,3-DIENE ESTERS 
4.1 Introduction 
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Selective reactivities of similar functional groups in the same 
molecule are frequently needed for synthetic purposes. This is often 
achieved by incorporating, reversibly, into the molecular skeleton, groups 
which act by steric and/or electronic effects. In selective hydrolyses of 
classical organic esters, for example, the presence of at-butyl group in 
an ester function tends to slow its alkaline hydrolysis or activate it to 
acid hydrolysis. The ability to achieve reversible incorporations of 
such protecting groups may cause problems particularly with multifunctional 
molecules. 
Th f . d l l l f . . 34 b . e concept o superimpose atera contra o reactivity is 
illustrated here by the alkaline hydrolysis of some Fe(C0)3 complexes 
of cyclohexa-7 ,3-diene esters. The steric occupation of one face of the 
diene could lead to stereoselective reactions (section l .6), and the 
electron releasing or withdrawing character of the iron fragment as 
decided by the ligands (section l . l), could alter the electron density at 
functional groups like C0 2R directly attached to the diene, resulting in 
selective reactions with differently situated groups. 
Alkaline hydrolysis of classical organic esters has been extensively 
investigated and, therefore, the perturbations at C0 2R due to Fe(C0)3 
should be readily detectable and the selectivity effects of Fe(C0)3 on 
classical reactivity at the organic ligand may be rationalized 
conveniently. Another reason for choice of C0 7R for examination is that 
this, and C0 2H, are reactive groups which can desirably be manipulated for 
further synthetic purposes. Selective hydrolysis of diesters is not 
readily possible with the uncomplexed parent compounds discussed here . 
TABLE4 . l 
Al ka li ne hydro lysis of esters wi th excess 20% aqueous NaOH/MeOH 
M = Fe(C0) 3 
Ent ry 
l M 
2 
3 
4 
Ester 
1 1 
12 
28 
Reaction 
cond i tion 
a 
a 
a 
-
a 
Yi el d Product 
> 95% 11 
94% 
85% 
46 
75% 
27 64 
11 46 
~-----.../ 
minor 
(continued) 
Entry Ester 
M 
5 
99 
6 M 
47 
7 
101 
MeO 
8 M --+--
102 
9 M-
MeO 
103 
10 M 
Reaction 
condition 
a 
a 
a 
a 
-
a 
a 
Yield 
>95% 
>95% 
>90% 
75% 
79% 
Product 
99 
47 
101 
102 
103 
104 
(continued) 
Entry 
l l 
12 M 
13 M 
14 
M 
Ester 
26 
C0 2Me 
105 
25 
-
C0 2Me 
29 
0 e 
,, ,C02Me 
30 
77 
5 : 6 9 
Reaction 
condition 
a 
b 
a 
.• 
a 
Yield Product 
81% 48 
94% M 
CO,.,R 
l. 
R = Me ( 106) , H( 107 ) 
- -2 : l 
C0 2Me {:O H 
1/ ,,, 2 
74 % M 
48 
OMe 
,, ,,C0 2H 
M 
53 
90% 
OMe 
H0 2C 
M 
112 
l : l 
(continued) 
Entry Ester 
C0 2Me 
l 5 M 
C0 2Me 
31 
C0 2Me 
l 6 M 
I II; 
C0 2Me 
35 
C0 2Me 
l 7 M '''' Me 
90 
n CO 2 Bu 
18 M ', ', Me 
+ 90 
-
114 l 3 
-
C02Me 
19 M ' 11 ,CH Ph 2 
91 
20 
93 
.-
Reaction 
condition 
a 
a 
C 
C 
C 
C 
Yield 
80% M 
76% 
40 ~~ M 
40% 114 
95% 
70% 
Product 
C0 2H 
,, 
I 
'co H 2 
113 
113 
-
C0 2H 
115 
+ 115 
l 3 
91 
93 
·--. - - --- - .. - -- - -- - ·-· -- . -- -----------
a= 5- lOGC, 2h; b = 5- l0°C, lh· c = 55-60°(, 6h . 
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RESULTS AND DISCUSSION 
4.2 Monocarboxylic esters; regioselectivity 
The esters ll, 12, 27 and 28 were subjected to an identical mild 
alkaline hydrolysis procedure . The results are shown in Table 4.1. 
Notably the complex .l.l was recovered, a result consistent with previous 
ones,
51 
while esters 12 and 28 gave the corresponding carboxylic acids. 
The 5S-C0 2Me complex'!]__ gave rise not only to 5S-C0 2H, but to minor 
proportions of the stereoisomer with a 5a-C0 2H, corresponding to 28, and 
the unhydrolysed l-C0 2Me isomer .l_l which was recovered by extraction of 
the alkaline solution . The products were identified from their spectral 
properties, particularly 1H NMR, in the usual way. The result with 
5S-C0 2Me 27 is explicable on the same basis as that with the more 
extensively investigated _e [l ,6S-(C02Me) 2] below. 
To examine possible effects of other substituents than C0 2Me, 
the preparation and reactions of some l-C02Me complexes containing Me 
and OMe were examined. 
The complexes ±Z._ (6a -Me,l-C0 2Me) and _22_ (2-Me,l-C02Me) were produced 
as a mixture from 2-methylbenzoic acid by the sequence: Birch reduction, 
methylation, complexation and isomeri sat ion. Since the mixture could 
-
not be separated by standard physical methods , use was ma de of hydride 
abstraction, which is known to be inhibited by adjacent a -substituents. 
In consequence unreacted 47 was recovered and separated from tricarbonyl-
(n5 -l-methoxycarbonyl-2-methylcyclohexadienylium)iron hexafluorophosphate 
100. The iso111er 99 was obtc1ined by reduction of the salt with sodium 
borohydride . 
50 
Me 
100 
The complex .lQl (3-Me,l-C0 2Me) resulted from a similar sequence 
starting with 3-methylbenzoic acid, and the complexes 102 (2-0Me,l-C02Me), 
103 (3-0Me,l-C0 2Me ) and 104 (4-0Me,l-C0 2Me) were prepared according to 
the literature. 70 
The l-C0 2Me complexes containing Me or OMe at the 2-, 3-, 4- or 6a-
positions (entries 5-10, Table 4. l), were recovered largely unchanged 
from alkaline hydrolysis under the conditions noted, so the ester group 
is still deactivated. 
4.3 Dicarboxylic esters 
For this study, the complexes _Q [l ,6S-(C02Me)2], ~ [l ,6a-(C02Me)2], 
31 [5B,6B-(C0 2Me) 2] and~ [5a~6B-(C02Me) 2] were available from benzene-
1,2-dicarboxylic acid (chapter 3). The 1 ,4-dimethoxycarbonyl complex 105 
was obtained from dimethyl cyclohexa- l ,3-diene- l ,4-dicarboxylate. 134 
Results of the hydrolysis are shown in Table 4. l. 
In the case of the l ,6a -dimethoxycarbonyl complex~ only the 
6a -C0 2Me was cleaved which is consistent with the results with l-C0 2Me 
of the monocarboxylic esters above. However, either one or both ester 
groups of l ,4-dimethoxycarbonyl complex 105 were hydrolysed to give the 
corresponding acids 106 and 107. The presence of an electron withdrawing 
51 
group at the 4-position, therefore, enhances the rate of basic hydrolysis. 
Nevertheless, the rate of hydrolysis is qualitatively much slower than 
that of the uncomplexed ester, as is also true for the mono-substituted 
The observation that an electron withdrawing group at one terminus 
of the diene system facilitates the cleavage of l-C0 2Me group of 105, 
suggests that a reduction of electron density at the ester carbonyl 
carbon for any effective chemical interaction of l-C0 2Me with 0H8 . This 
is indicative of the addition of 0H8 to ester carbonyl carbon as the 
rate limiting step, conforming with the widely observed Bac2 mechanism. 135 
As expected, the l-C02Me group of the half ester 48 was cleaved 
to give the corresponding diacid 108 in good yield under prolonged acidic 
conditions employed by Birch and Williamson 51 for the hydrolysis of 
l-C02Me complex ll_. 
\ \ \ \ 
co2H 
4 8 
aq H2so4 
reflux, 24h 
.-
C0 2H ,,,, 
(C0) 3Fe__._ 
92 % 
108 
The observation of relatively very much slower alkaline hydrolysis 
for l-C02Me complexes than for the corresponding uncomplexed dienes, 
indicates that the co111plexation must reduce the renctivity of ester 
carbonyl to 0H8 by an electron-donation effect. This is also demonstrated 
by the higher pKa of complexed diene acids. 24 c The electron donation is 
TABLE 4.2 
Some crystal data 111 of tricarbonyl (n4 -l ,6B-dimethoxycarbonylcyclohexa-
l ,3-diene)iron e 
(The crystals are triclinic, space group PT with unit cell parameters 
0 
a = 6.883(1), b = 8. 949(1), c = ll.438(2) A, a = 91.50(1), B = 101.78(1) 
and y = 96 .48(1) 0 • The unit cell contains two molecular units, Z = 2) 
0 
Bond distances (A) Angles ( 0 ) 
C(l )-C(2) l . 441 ( 2) C(7)-C(l) l .484(2) C(l )-Fe-C(2) 40.58(5) 
C(2)-C(3) 1 . 406 ( 2) C(6)-C(ll) l.521(2) C(2)-Fe-C(3) 40.18(6) 
C(3)-C(4) l .412(2) Fe-C(l) 2.115(1) C(3)-Fe-C(4) 39.57(6) 
C(4)-C(5) l . 506 ( 2) Fe-C(2) 2. 034 ( l ) C(4)-Fe-C(l) 76.42(5) 
C(5)-C(6) l.535(2) Fe-C(3) 2.058(1) Hl (C5)-C(5)-H2(C5) lll.5(18) 
C(6)-C(l) 1. 530(2) Fe-C(4) 2.112(1) 
0( 16) 
TABLE 4.3 
Some crystal data 111 of tricarbonyl (n4 -l ,6a-di methoxycarbonylcyclohexa-
l ,3-diene)iron £§_ 
(The crystals are monoclinic, space group Pc with unit cell parameters 
0 
a = 7.469(2), b = 13.403(5), c = 6.978(2) A and S = 93.85(2) 0 • The 
unit cell contains two molecular units, Z = 2) 
0 
Bond distances (A) Angles ( 0 ) 
C(l )-C(2) 1.433(2) C(7)-C(l) 1.480(3) C(l )-Fe-C(2) 40.44(6) 
C(2)-C(3) 1.410(3) C(6)-C(ll) 1.521(2) C(2)-Fe-C(3) 40. 14 ( 8) 
C(3)-C(4) 1.414(3) Fe-C(l) 2.095(2) C(3)-Fe-C(4) 39.82(9) 
C(4)-C(5) l.505(3) Fe-C(2) 2.049(2) C(4)-Fe-C(l) 76.64(7) 
C(5)-C(6) 1.539(3) Fe-C(3) 2.058(2) Hl (C5)-C(5)-H2(C5) 109.9(32) 
C(6)-C(l) 1. 522(2) Fe-C(4) 2.092(2) 
Q 0(18) 0(16) 
H (I) 
TABLE 4.4 
Some examples for bond shortening due to rnesomeric involvement of the 
0 
diene (bond lengths in A). 
I 399 
13951 ~ 425 
I 527 I I 460C02H 
Fe(CO) 3 
(REF 138) 
14131 
I 505 
(REF139) 
I 529 
NH-© 
I 407 I 4071 'I 417 
516 I 1-514 
Fe (CO)3 
(REF139) 
(REF140) 
I 39 I 54 
I 36 I 33 1461/ \\1 47 
15~ 14~~~ I ~ CHO 
- I 45 I 44 
Fe(C0) 3 
( REF 14 l) 
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presumably accompli shed by back-bonding on demand from the ct-orbitals of 
Fe and its transmission to carbonyl in mesomeric fashion. The enhanced 
basicity of the l-C02Me 1n 25 and 26 has also been demonstrated by 
enhanced lanthanide induced shifts (LIS) in 1H NMR (section 2. 4). 
Mesomeric involvement of the carbonyl through C(l)-C02Me 1s shown by the 
X-ray bond lengths of Q (Table 4. 2) and~ (Table 4.3). The bond C(l)-
C02Me 1s significantly shorter than C(4) - C(5), C(5) - C(6), C(6) - C(l) 
and C(6) - C0 2Me. Similar bond shortening is observed in the acyclic 
complexes where mesomeric involvement of the diene is possible (Table 4.4). 
The reduced reactivity of l-C02Me group in these complexes cannot 
be a result of a steric factor due to the presence of Fe(C0) 3 moiety. 
The metal is approximately equidistant from each diene C atom (Tables 4.2 
and 4.3). Consequent ly, the expected steric influence (if any) of Fe(C0)3 
should be approximately the same for the l-C02Me and the 2-C02Me. As 
noted above, this is not the case; 2-C02Me is cleaved readily under mildly 
alkaline conditions. The enhanced LIS of l-C02Me group (Fig 2.5) also 
indicates that Fe(C0)3 does not inhibit the steric approach of a 
particular reagent towards a l-C02Me. The possibility of direct coordina-
tion of l-C0 2Me to the metal is very unlikely considering the distances 
0 0 
between the meta l and the carbopyl carbon (3 . 123 A for Q, 3.061 A for~) 
0 0 
or the carbonyl oxygen ( 4. 070 A for Q, 3. 887 A for ~) of l -C0 2 Me. 
In the light of the present work, the conclusions of Nametkin 
el al 136 on the reduced r eactivity (Pinn er reac t ion, LiAlH if r edu ction), 
of l-CN group of 109, are queried. These workers concluded that steric 
factors caused by the presence of the Fe(C0) 3 frag ment are most 
responsible for the type of nitrile group reactivity in t hese n-comp l exes. 
They suggested the possibility tha t the l-C N group may act as a mono-
dentate ligand and produce a bond with the metal resulti ng 1n a lower 
polarity of the nitrile group. The latter post ulation fu r t her contradicts 
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the 18-electron rule. 137 
CN 
109 
Alkaline hydrolysis of l ,6S-dimethoxycarbonyl complex Q resulted 
1n 6a-C02H 48 (entry 13, Table 4. l) with exclusive epimerisation at the 
6-position. The reaction with NaOD/0 20/MeOD gave, after quenching before 
completion, an acid, the 1H NMR spectrum of which lacked the double-
doublet at o 3. 46 corresponding to the 6S-H of 48. The absence of a 
6S-H was further manifested in the 5-CH 2 splitting pattern. The mass 
spectrum of the product corresponded to 95% -d 1 . The acid is therefore 
110. The recovered 6S-C0 2Me complex also contained 35% of a-deuterium 
(MS, 1H NMR). The results can pe coordinated with the 5S-C0 2Me complex 
27, the intermediate being a mesomeric anion (Scheme 4.1). 
The l-C0 2M e complex ll_ is the thermodynamically most stable isomer. 51 
However, this is only partially produced by the isomerisation since 
hydrolysis of the 5B-C0 2Me ester to the salt of 5S-C02H or 5a-C0 2H 
\vi l l t e 11 d Lo i 11 Ii i b i t l Ii c d c µ r o lo n a L i on re q u i red to pro cJ u c e ll_ v i a t h e 
carbanion (Scheme 4. l). The formation of the deuterated ester 111 
(6a -D) is presumably due to kinetic pro tonation of the carbanion from the 
less hindered a -face 1n comp etition with reaction at the S- face to give 
the less compressed and less hindered a -C0 2Me which then is rapidly 
hydrolysed. 
C02Me 
C02Me 
(OC) 3 Fe 
D2y 
111 
R R C02Me c;:02Me ~ .,..C02Me I C02Me OH-
(OC) 3 Fe+- I , , (OC) 3 Fe~__) (OC) 3Fev (OC) 3 Fe ''H • .. H20 R = H ~ e 
I 11 R=H I '• 
H2~ ' R R 
-()<C02H 
_/;:;o -fy,H .cy,H I I (OC) 3 Fe 'H (OC) 3 Fe ~ 'C0 2 Me (OC)3Fe ~ 1C0 2 H (OC) 3 Fe . 'C0 2 Me 
~ 
C02 Me 
D 
(OC)3 Fe 
110 
Scheme 4.1. Involvement of carbanions in the Conversion of B-C02Me 
complexes to a -C0 2H and l-C02Me complexes under alkaline hydrolysis 
conditions. 
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The fu-H of Q [l ,6B-(CO2Me) 2] ·was deprotonated completely while, 
1n the case of'!]__ (5B-CO2Me) it occurred only to a minor extent. This 
1s possibly due to electronic or/and steric effects from the l-CO 2Me 
group of Q · To test for either possibility, the l-CO 2Me complex ll_ was 
treated with NaOD/O2O/MeOD, and the complexes~ (l-OMe,6B-CO 2Me) and 
11_ [5B,6B-(CO2Me) 2] were subjected to alkaline hydrolysis. 
No deuterium was incorporated to the l-CO 2Me complex ll even after 
prolonged reaction. Without separation of the complex~ (l-OMe,6B-CO 2Me) 
from its isomeric components, the mixture of~, }Q (l-OMe, 6a -CO 2Me) 
and]]_ (l-OMe,2-CO 2Me ) (5 :6:9, section 3.5) was subjected to hydrolysis. 
The acidic product obtained in 90% yield composed only~ (l-OMe,6a -CO 2H) 
and ill (l-OMe,2-CO 2H ) in l :l ratio. The pure isomers }Q and]]_ gave the 
corresponding acids in good yield (87-93%). Clearly 6B-CO 2Me ~ had 
epimerised during the reaction. The 5B,6B-dimethoxycarbonyl complex 31 
gave the acid l_ll, again indicating epimerisation of one of the B-CO 2Me 
group . The same acid resulted from 5a ,6S-(CO 2Me)2 complex E · 
The results show that the acidity of 6a -H of Q [l ,6B-(CO 2Me )2] 
1s not enhanced due to any electronic effect by l-CO 2Me . The removal of 
the 6a -H from Q, ~ and 31 should be assisted by release of steric 
compression and by a favourable: energy change on conju gation between 
carbonyl and the resulting anion . 
Further support for the postulation of an enhancement of steric 
compression at 6n-co7Me due to the presence of a substituent at Lhe l-
position comes from examination of the X-ray parameters of 25 . The 
61> CO 2Mc of 25 -is closer to Lhe l-CO 2Me 0roup than to Lhe Fe(CO)3 so9111ent; 
the distances between the carbonyl carbon of 6S-CO 2Me and the atoms, Fe, 
the closest carbonyl carbon of Fe(CO) 3, the carbonyl carbo n and oxygen of 
0 
l-CO 2Me are respectively 3.945, 3. 594, 2.943 and 2.652 A. 
4.4 Blocked ester complexes; stereoselectivity 
The use of ester complexes with an acidic proton replaced by a 
suitable substituent was examined since such substitution prevents any 
epimerisation, and enables an estimate to be made of the severity of 
conditions required to obtain the B-C0 2H complexes from the B-C0 2Me. 
The blocked diene ester complexes _2Q, 21_ and 93 are available 
(section 3.7 . l). The C0 2nGu complex.l_liwas actually a by-product 1n 
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one preparation of the complex _2Q using n-butyl ether contaminated with 
trace amounts of mineral acid and n-butanol. The results of the applica-
tion of alkaline hydrolysis conditions on these esters are shown in the 
Table 4.l (entries 17 to 20). 
In contrast to the uncomplexed (but unconjugated) diene starting 
materials, the C0 2Me of the complexes is much more resistant to alkaline 
hydrolysis. A larger alkoxy group (fil), or a bulky a -group (21_) or Me 
at the 1-position (2._l) requires stil l more drastic conditions (see 
entries 18-20, Table 4. 1). The Fe(C0)3 seems to be exerting a classical 
hindrance effect to approach of 0H8 and/or salvation of the ionic 
transition intermediate. There may still be a possibility of a direct 
electron-release effect of Fe(C0) 3 in stabilising B-C02R. However , X-ray 
l l 1 parameters of 6B-C0 2Me complex Q and tricarbonyl (n4 -l ,3-dimethoxy-
5B-methoxycarbonyl-5a -methylcyclohexa-l ,3-diene)iron ]l show that Fe(C0)3 
group is located sufficiently far away from the B-C0 2Me to preclude any 
overlap of filled d-orbitals of Fe with the LUM0 of the ester carbonyl; 
the distances between Fe and the carbonyl carbon of B-C0 2Me group are 
n n 
3.945 A (25) and 3.689 A (33) . llence Fe(C0) 3 cannoL release electrons Lo 
the B-C02Me. 
36 
111
'CO Me 2 
OH 8 
5-lO°C/2h 
56 
84 % 
116 
A reaction of possible synthetic importance is the clean hydrolysis 
of the diester ~ to a monocarbo.xylic acid fil. The expectation that the 
a - CO2Me has been hydrolysed, is supported by the disappearance of the 
higher ( cS ) methoxycarbonyl signal (1H NMR) . Methoxycarbonyl on the 
S- face resonate at a lower field than the corresponding a -protons 
(section 2.2) . This reaction is a clear- cut example of the stereoselectivity 
of the hydrolysis of a - CO 2M e and B-CO 2Me . . 
4. 5 Outlook 
On a qualitative basis , the ester complexes are hydrolysed more 
slowly than the uncomplexed diene esters . The ease of hydrolysis of 
a given complex depends on the position of substitution of the ester 
group and its steric environ ment . The regioselectivity 1s illustrated 
by the resistance of l - CO 2r e complexes to hydrolyse in the absence of an 
electron withdrawing group at the 4-position . Whe re epimerisation 1s 
prevented as in blocked esters, S- CO2R is le ss easily cleaved than 
a -CO 2R. In suitably substituted esters, a single ca rboxy comp lex r.,ay be found 
from a lll ixture of a - and B-i some rs as a result of epi me risation of 
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Alkaline hydrolysis provides a chemical means for purification, 
separation and structural assignment of ester complexes. The detachment 
of Fe(C0)3 from half esters by reaction with odd-electron oxidants or 
Me3N0.2H 20, would lead to organic acids which are difficult to synthesize 
through classical routes . 
The synthetic possibilities that the carboxy functionality provides 
1n these complexes, include the formation of reactive intermediates such 
as acid chlorides, 109 decarbonylation to form organic cations (section 5.2), 
and classical resolution of diene complexes to provide chiral inter-
mediates for asymmetric synthesis (chapter 7). 
CHAPTER 5 
TRICARBONYLCYCLOHEXADIENYLIRON SALTS FROM DECARBONYLATION 
AND DEHYDROXYLATION; PROCATIONIC COMPLEXES 
5.1 Introduction 
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The role of tricarbonylcyclohexadienyliron salts 1n organic synthesis 
1s discussed elsewhere. 34 b The chemist who is in need of a specifically 
substituted cation for either synthetic or mechanistic studies would find 
it useful to have a set of defined conditions whereby appropriate precursors 
could be determined readily. 
For the generation of a title cation is required the direct or indirect 
creation of a positive charge on an allylic ring carbon of a neutral complex 
(section 1.3). This is possible with some neutral complexes by interaction 
with certain electrophiles (= electron acceptors, cationoid reagents) which 
are compatible to Fe(CO) 3 group, e.g. ~, Ph 3 CEB. The compounds that lead 
to cationic complexes by an electrophilic interaction, are described here 
a s II pro ca t i on i c comp l exes 11 ( c f . the terms pro c h i r a l and prod rugs ) . 
Hydride abstraction by Ph 3 Cffi to form cations usually occurs from the 
a -face (section l . 3.l) . This 1s prevented by the presence of an adjacent 
a -substituent . This reaction 1s sometimes not regioselective. For acid 
catalysed removal of labile groups such as OMe (section l .3.2) to result in 
cations, procationic complexes should be formed from dienes having these 
specific substituents. Alternative routes to cations as well as procationic 
complexes are, therefore, very useful. 
The present study concentrates on the formation of cations by 
elaboration of methoxycarbonyl groups . The carboxy complexes available 
from the hydrolysis of esters (chapter 4) are examined for the possibility 
of acid catalysed decarbonylation . Carbocations formed by loss of carboxy 
groups from classical organic compounds like pivali c acid in the presence 
of concentrated sulphuric acid have been noted . 143 Analogously, stable 
tricarbonylcyclohexadienyliron cations can be generated. 
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From the present study, it also follows that the carboxyl complexes 
1n the cyclohexadiene series are compatible in the use of metalalkyl 
reagents (e.g. Meli and MeMgBr) and the reaction leads to the formation 
of tertiary alcohols in good yields. Interestingly, the reaction shows 
some stereoselectivity for B-methoxycarbonyl group of 36, and no regio-
selectivity for esters ll_, .J1_ and 106, unlike alkaline hydrolysis (chapter 
4). 1-Alkyl substituted cations can be formed from the alochols derived 
from l-C0 2 Me complexes. The mechanism here involves the detachment of 
5S-H rather than 5a-H. 
An alternative route to 1-alkyl substituted cations is described 
· f b · d l t h h h · t · 1 14 k t 3 5a starting rom unsu st,tute sa st roug t e sequence n, r1 e, e one, 
alcohol 144 and cation. 
RESULTS AND DISCUSSION 
5.2 Acid-catalysed decarbonylation 
R R 
.-
R=H (46) R - H ( ~ ) 
R = CO 2 ~e ( 4 8 ) R = COzMe ( 11 7 ) 
The acids 46 and 48 gave the cations i and llZ_, respectively, in 
Cold Sulfurl·c ac,·d. 74 Th b l b t·t t d t· l d e car oxy -su s 1 u e ca ions are, as area y 
notect, 51 more reactive than others towards nucleophiles, including water. 
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Their high reactivity is supported by the kinetic data now available34 b 
for a series of substituted cations. The 2-CO 2Me cation ll.Z_, for example , 
reacted almost instantaneously with water to give the alcohol 49 
and the ether 118, when attempts were made to precipitate a salt by 
the addition of aqueous NH 4 PF 6 . The hexafluorophosphate salt of ll.Z_ 
can, however, be generated in an overall yield of 47 % from a mixture of 
the alcohol and the ether by treatment with HPF 6 -etherate. 
R R 
,, ,, , OH 
0 
\ \ \ I I \ I I 
49 R = CO 2 ~1 e ( ~ ) 
R = H ( ~ ) 
The splitting of diene protons of the alcohol ~ and the ether 118 
together with their resistance to mild alkaline hydrolysis (section 4.2) 
was confirmative of the l-C02 Me group. The hydroxy function (IR, 02 0 
-· 
exchange, MS) of the alcohol was shown to occupy the 6a -position from its 
CH 2 splitting pattern characteristic of an adjacent a -substituent 
(section 2. 3.l). Corresponding · splitting, diagnostic of stereochemistry, 
was not discernible in the case of the ether possibly due to its diastereo-
meric nature . The ether 118 is Fonncd presumably 51 via the addition of 
the alcohol 49 to the salt 117. Normally, the addition of alcohols to the 
salts produces a -alkoxy complexes (section 6.3). Based on this general 
observation the ether was assigned the stereochemistry as shown in the 
structure 118 . This stereochemistry was further supported by the analogous 
ether 119 for which CH 2 (a)-splitting pattern was observed. The ether 
11958 was available from the reaction of the unsubstituted salt 4 with 
water. 
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There 1s evidence that a s-C0 2H is unaffected by concentrated 
sulfuric acid. A mixture of 46 (a-C0 2 H) and_§_! ( s-C0 2H) gave a cationic 
product corresponding only to the content of the former, while most of 
the latter was recovered unchanged. The acid 115 was also unaffected. 
R = H (64) 
R - Me ( ~ ) 
Examination of the acid 53 was of particular interest, in view of 
the competition between two groups, namely OMe and C0 2 H, to be cleaved. 
I n fa c t , on l y O (1 e i s l o st a n d t he prod u c t i s the a -CO 2 H ca t i on l 2 0 . Th i s 
process is presumably9a,SO as shown below. The 1H NMR of 120 isolated as 
-
MeO OMe OMe 
-
-
- -
~J''' C02H -,,,,, C02H o,,,,,C02H [~J''' COzH (CO) 3Fe 
Fe(C0) 3 Fe(C0) 3 Fe(C0) 3 
53 120 
--- ® 
M 4 
---
M 
HO ffi OR HO OR 
......... 
'-C 1/ \/ M-6 --- --- --- CHO 
M M M 
1 2 1 
.• 
Scheme 5. l. Possible routes to the formation of unsubstituted and 
l-CIIO cations frorn l-curboxyl cornpl cx r. s. 
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its PFG- salt by treatment with aqueous NH 4 PF 6 , showed five dienyl protons 
as well as the triplet at 6 3.83 (6-H) identical to those of the 6a-C0 2Me 
cation ZQ (section 2.7). Infra red (KBr) absorptions at 3500-2500 cm- 1 
confirmed the presence of C0 2H group. 
The mechanism proposed by Hammet145 for decarbonylation of classical 
carboxylic acids may rationalize the formation of the cations 4 and 117. 
RCOOH + H2S0 4 = RC00~ 2 + HSO~ 
RCOOIDH2 7 RcIDo + H20 
RCIDO ->- RID + CO 
The 1-carboxyl complexes did not react despite the expectation of 
possible production of a dienyl cation via allyl intermediates as shown 1n 
Scheme 5. 1. The absence of the unsubstituted cation 4 indicates that 
protonation does not occur at the 1-carbon. This ,sin line with arguments 
which explain the introduction of only one D with deutero-acid 1n the acid 
catalysed isomerisations of carboxyl complexes (section 1.4). The 
intermediates which could have led to the formation of 1-CHO cation 121 , 58 
are probably energetically unfavourable, although they are plausible by 
analogy with dehydroxylation reactions (section 5.3.2. ). 
The stereoselectivity of tne decarbonylation is probably because 
the protonation of a s-C02H requires iron mediation. Subsequent transfer 
of a proton to the diene is kinetically more favourable, as evident from 
the result where dernethoxylation occurs 1n preference to decarbonylation. 
This 1 eads to a low probability that the B-C02H is protonated and hence 
such complexes are recovered unchanged. 
5.3 Dehydroxylation 
Dehydroxylation has an advantage over demethoxylation in that the 
hydroxy group does not have to be present in the organic precursor. 
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Alcohols have already been noted in the tricarbonylcyclohexadieneiron 
series by modification of the carbonyl type functionality. Examples 
include diborane reduction of 122 (l-C02H) and 123 (2-C02H), 51 NaBH4 and 
Meli reactions of 124 (l-CHO) and 125 (l-COMe), 60 the action of MeMgI 
144 . 146 14 
on g (5a-C0Me), and Reformatsky reaction, NaBH4 treatment and 
the action of lithiumalkyls 147 on the enone l· Alcohols derived from 
122, 124, 125 and 3 have been converted to cations. 
---
R 
R = C02H ( l 2 2) 
= CHO ( 124) 
= COMe ( l 2 5 ) 
R - C0 2Me ( ~ ) 3 
= C0 2H (123) 
- COMe ( l 2 9 ) 
A study on dehydroxylation of alcohols, formed from carboxyl 
complexes, to result in cations -seemed useful, considering the fact that 
a number of Me and OMe substituted ester complexes are readily available 
from benzoic acids (chapters 3 and 4). There is also the potential 
possibility of having them optically pure via resolution of the carboxy 
complexes (section 7.2). 
5.3. 1 Alcohols f rom ester complexes 
R = H ( 11) 
= OMe ( 102 ) 
CMe OH 2 
R=H (126) 
=OMe (~ ) 
HOMe 2c 
(C0) 3Fe 
1 2 7 
The monesters ll_, ]1_ and 102 were reacted with Meli or MeMgBr at 
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low temperatures to yield the corresponding isopropyl alcohols 126, 127 
and 128 respectively. Unlike the enone l where lithiumalkyl reactions 
have been possible in CH 2 Cl 2 while decomposition is observed in ethereal 
solvents, 147 the esters reacted smoothly in both ether and CH 2 Cl 2 producing 
high yields of alcohols (70-95%) . However, the metalal kyl reagent had to 
be in excess (3 eq) for no obvious mechanistic reason, otherwise inter-
mediate acetyl complexes (e . .9. 125 andl 29) accompanied th e alcohols. The 
identification of the products was straightforward from t heir spectral 
properties . The literature met hod for th e format ion of t he alcohol 126 
involves several steps starting from acyclic organic subst rates. 60 
H 
D D 
5 1 3 1 130 
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The deuterium-labelled alcohol 130 was required for verification of 
certain mechanistic points in the dehydroxylations discussed below. The 
synthesis involved two steps starting from l-C02Me cation 5. Borodueteride 
(> 98%- d) reduction of the salt in acetonitrile provided the l-C02Me 
complex ill with D incorporation( > 95%- d1 ,r,1S) at the Sa - position . The 
position of D, which was assigned unequivoca lly by 1H NMR using double 
resonance techniques, was in agreement with the results of usual nucleophilic 
additions to the above salt (chapter 7) and the formation of the 
undeuterated salt from ill by treatment with Ph3CffiPfi;. As expected, the 
reaction of the ester ill with Meli gave the alcohol 130 (> 95%- d1 ,MS) 
the structure of which was determined by 1H NMR using double resonance 
techniques and D20 exchange experiments. 
(C0) 3Fe (C0) 3Fe 
27 132 
36 1111 CO 2 e 
,,, 
10H 
1 3 3 134 135 
I 2 7 132 133 134 135 
-
Meli 2% 20% 35% 4% 7% 7% 
MeMgBr minor n11nor minor 43% 22 % minor 
Scheme 5.2 . Products from the reactions of tricarbonyl (n4 -5a ,5R-
dimethoxycarbonylcyclohexa-1 ,3-diene)iron 36 with Meli and ·e~gBr . 
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The diester 36 was of particular interest, in view of stereoselective 
reactions (cf . its alkaline hydrolysis, section 4.4 ). The reaction of 36 
with Meli gave in 75% yield at least six products which were separated by 
tlc (Sc heme 5.2). The most mobile band constituted methyl benzoate and 
the 5(3 -C02Me ester ll_ (section 2.2) which were identified by use of an 
authentic sample (1H NMR) . The 1H NMR of 132 (5B-C0Me, 5a -C0 2Me) showed 
its inner and outer diene protons at usual chemical shifts (o 5. 38 and 
3.26 respectively) , and the methylene protons as an ABX at o 2.34. The 
singlets at o 3.62 (3H) and 2.07 (3H) accounted for a-C02 Me and B-C0 Me, 
respectively (IR 1730, 1710 cm- 1 ). The absence of a methyl singlet at 
o ) 3.63 suggested the a -C0 2Me steric assignment for 132 (section 2.2, 
the diester 1§__ shows it s-C0 2Me at cS 3.73 and a -C0 2Me at 3.63). The 
assignment of stereochemistry for the isomeric alcohols 133 and 134 was 
again based on the chemical shifts of their C0 2Me. The methoxycarbonyl 
of 133 appeared at o 3.63 while that of 134 at cS 3.80. The diastereotopic 
Me of the s-(l'-hydroxyisopropyl) complex 133 resonated at o l .19(3rl) and 
1.06 (3H), while those of 134 appeared as a singlet at o l .06(6H). 
Interestingly, the outer diene proton closer to the blocked carbon 
displayed an upfield shift as high as 0. 2 ppm when going from 
s-(l'-hydroxyisopropyl) 133 to a-(l' -hydroxyisopropyl) 134 . The least 
--
mob ile component was identified as 5a -0H ester 135 from its spectral 
. . . h . d 51 properties in comparison tot ose reporte . 
The reaction of the diester 36 with MeMgBr afforded the isomeric 
alcohols 133 and 134 (2:l) in significant amounts (65%). The presence 
of the complexes 27, 132 and 135 in trace amount s in the product was noted 
(tlc). 
The 5G-C0 2Me complex!!__ arises from the lo ss of a -C0 2Me from 36, 
which is more prominent with Meli. This may occur through a retro-aldol 
type cleavage at one or two stages of the reaction, A or/and~ (Scheme 5.3). 
A 
I 
C0 2Me 
C-Me 
"'"h le 
0 8 
.-
C 
27 
'' ''' CO Me 
C0/1e 
Y7 ~Me 11111 Me 
--,8 
0 
B 
/ 
Scheme 5. 3 . A possible mechanism for the formation of tricarbonyl(n 11 -
5B-rnethoxycarbo nylcyclohexa-1,3-diene)iron 27 from tricarbonyl-
(n4-5a ,5B- dimethoxycarbonylcyclohexa - l ,3-diene)iron l§_. 
The exact instance cannot be established from the present data without 
specu la tion . 27 is formed from the resulting carbanion C which has 
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already been noted in the alkaline hydrolysis of Q (section 4.4). The 
formation of Sa-OH ester 135 is puzzling . 
In contrast to the results of alkaline hydrolysis (section 4.4), 
both Meli and f11eMg Br react preferentia ll y from the 6- face of l§_, the 
latter being more selective. This implicates an initial coordination 
between the metalalkyl reagent and the Fe(C0)3 group, I or£ . .-
EB 
EB Q·· ··· M ·. 8 111 
. 
e . M 0 b . R C · · · · · R . 11 . . . II . . I . 
· coMe ·. "COMe (C0) 3Fe (C0) 2Fe 
E F 
5.3.2 Cations from alcohols 
In consistency with previous observations, 51 , 60 the treatment of 
1-(l'-hydroxyisopropyl) complex 126 with HBF4 gave the 1-isopropyl 
cation 13660 in good yield. ~·Jhen 126 was reacted with Ph 3CEBPF~, the same 
cation 136 resulted indicating dehydroxylation rather than hydride 
abstraction. 
136 l 3 7 138 
Me 
Me 
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The low temperature 1H NMR studies of 126 in 95% H2S04 has enabled 
60 Jablonski and Sorensen to observe an intermediate cation 137 leading 
to 136. This rearrangement in 99 % H2S04 is, however, accompanied by the 
formation of the cycloheptadienyl cation 138. Apparently, the medium 
dependence of this reaction is not well understood. Analogously, when 
126 was reacted with trifluoroacetic acid (TFA), the isolated salt (as 
PF~ salt, 48 % yield) showed 1n its 1H NMR spectrum resonances (e . g. 
singlets at o 1.51 and 7.20 of equal integration; for other resonances 
see Experimental) in addition to those of 136 (e.g. doublets at cS 1.08 
and 0.96 corresponding to diastereotopic methyl groups). The ratio of 
the integration of the resonances at o l. 51, l. 20, l. 08 and 0. 96 was 
l : l :2: 2. Any possibility for ~he presence of the isomeric 2-isopropyl 
cation 139147 was eliminated by comparison of 1H NMR spectra. In view 
of an indirect isolation of the unidentified cation, the mixture of salts 
-
was reacted with KCN . The product, obtained in 60% yield, corresponded 
to a 3:1 mixture of 140 and 141. Reaction of the l-isopropyl cation 136 
with KCN gave a sin1ilar lllixlure of 140 and 141 in 79% yield. 
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,,, 
''cN 
i39 l 4 0 l 4 l 
Whether the salt 138 was formed or not 1n the reaction of 126 with 
TFA, the nature of products that result from dehydroxylation of 1-(l '-
hydroxyalkyl) complexes appears to depend on the acid used. 
l 4 2 
Me 2 
143 
--
)l 
Me 
14 4 
Considering a mechanism for conversion of 137 into 136, two possible 
intermediates 142 and 143 ar~ in compliance with the results from kinetic 
measurements and reactions in deutero acids. 60 The intermediacy of 142 
h b . d b L . 61 a . h. h d t h as een quest,one y ew1s ct al , 1n a report w 1c appeare a t e 
time of writing the present work. These authors favour the proposition of 
143, based on their results from the protonation of the triene 144 at low 
temperatures. 
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Whichever is the intermediate, the formation of 136 from 126 (l-CMe 2 0H) 
require s the detachment of one of the hydrogens at 5-position of 126. 
Jablonski and Sorensen assumed it to be the 58-H on the basis of the 
work of Whitesides et al72 who showed stereospecific deuterium exchange of 
B- hydrogens of tricarbonyl (n4-cyclohexa -l ,3-diene)iron in the presence 
of deutero-acids. 
The reaction of the 5a-d euterioalcohol 130 with either HBF4 or 
Ph3CffiPFf gave the cation 145 which retained deuterium. The resonance at 
o 4.18 corresponding to the 5-H of the undeuterated salt 136, was absent 
in the 1H NMR of 145. The presence of 5-0 of 145 was further evident 
from the multiplicity of the resonances at o 5.85 (doublet, J = 5 Hz, 4-H) 
and 2.92 (doublet, J = 16 Hz, 66- H) . 
D 
14 5 
.• 
The retention of deuterium in the dehydroxylation of 145 confirms 
that 58-H is detached from 1-(l '-hydroxyalkyl) compl exes in t hese reactions. 
71 
5.3 . 3 1-Substi t ut ed cation s from uns ubstituted cations 
R ~ 
\ / 11e 
~ OH ,,, 
.. 
R = Me (146 ) 150 R = Me ( 13 6 ) 
-
= Ph (147 ) = Ph ( 149 ) 
The 5a -(l'-hydroxyalkyl) complexes 146 and 147 were prepared in 
good yield from the reaction· of the ketones g and 148 , res pectively, with 
MeMgBr or Meli. The ketones g and 148 were ob t ained in good yield from 
the reaction of the nitrile ~ with MeMgBr and PhMgBr, respectively. The 
a-stereochemistry of the products was confirmed from their 1H NMR spectra 
which displayed CH 2 splitting patterns characteristic of an adjacent 
a -substituent. 
-
4 43 
,,, 
,, 
COR 
I< - ~ c ( 6 2 ) 
= Pfi ( 148 ) 
The treatment of the 5a-(l'- hydroxyalkyl) complexes 146 and 147 
with TFA, HBF4 or Ph3Cffi provided the l-alkyl substituted cations 136 
and 149, respectively, in 55-73% yield. 
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Comparison of the results of TFA-treatment on 1-(l'-hydroxyisopropyl) 
complex 126 and 5a -(l'-hydroxyisopro py l) complex 146 indicates that the 
two compounds follow different mechan isms. In the latter case, the 
cation 136 is formed from the intermediate 150 presumably61 via a [l ,2] 
hydride shift. 
5. 4 SumTiary: aromatic substrates~ procationic complexes~ organic cations 
As noted above, dienyl cations can be formed from procationic complexes 
by detachment of certain atoms or groups, e.g. H, OMe, OH or C02H, using 
an appropriate electrophile, e . g. Hffi or Ph3Cffi. During the reaction a 
ring substituent (e.g. OMe) may be isomerised to an allylic position and 
cleaved. In some cases, the positive charge generated by cleavage of a 
substituent (e.g. l'-OH) on a side chain attached at l- or 5-position of 
the ring, may shift to an allylic position of the ring to form a stable 
cation . . 
Some examples to illustrate the availability of the procationic 
complexes from aromatic substr~tes, are given in Scheme 5.4. 
-O=OMe M R ~ 
b 
I 
R 
OM e 
@@ 
y 
M-® 
I 1/ M-0-0Me 
a y ~ 
~-® -0..,,:0 M 0 M 
~ 
~ , d 
y e "'- OH 
1/ 
r"---- M R 
\ 
\ 
a , Ph3C~ b, Hffi ; c, Rli ; d, RMgBr ; e , C 
g, OH8 
i 
R 
M-® 
a,b 
M 
d 
-
COR cord 
M-~OMe 
~R 
f, a and then H2o ; 
Scheme 5. 4 . Some examples to illustrate the availability of procationic 
complexes from aromatic substrates . 
CHAPTER 6 
THE FORMATION OF {-C AND C-X (X = 0, S, Se) BONDS BY REACTIO OF TRI-
CARBO YLCYCLOHEXADIENEYLIRO l SALTS WITH LITHIUMALKYLS AND LABILE RXH 
(R = ALKYL AND ARYL) 
6 . l Introduction 
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The utilization of the title salts as synthetic equivalents, primarily 
i nvolves their bond- formation reactions with nucleophiles (= electron donors , 
ani onoid reagents) . A number of reports on the addition of a variety of 
nuc l eophiles to these salts is available 1n the literature (section 1 . 2). 
However , these salts have not been hitherto found compatible with the 
lithio-deri vat i ves which are commonly used in classical organic chemistry148 
to form C-C bonds with el ectrophiles . The problems included extensive 
decomposition ahd reducti ve dimerisation of the cationic salts (section 
l . 2. 1) , the l atter observation being suggestive149 of an involvement of 
free radica l i ntermed i ates. In the present investigation to overcome these 
prob l ems, it was found that lithiumalkyls react with dienyl salts in 
methy l ene ch l oride at low temperatures ( - 78°C) to give the corresponding 
add ucts in high yields . 
Another problem hitherto has been the difficulty of adding nucleophiles 
to complexes where the products are reversible . A potential availability 
.-
of optically active cationic complexes via the addition of reversible chiral 
nuc l eophiles, has not been realized due primarily to the lack of mild 
methods to effect addition of ·hindered and labile nucleophiles efficiently . 
Prev i ous attempts with menthol, for example, has resulted in only poor 
yields of the expected adducts (ea 5t )_ 44 ,lSO The conclusions that e111erge 
from the present study are that, in the presence of Hunig base (i . e . ethyl-
diisopropylarnine), the adducts from labile nucleophiles such as phenol and 
menthol are formed even at low temperatures (0°C), and can be isolated 1n 
high yields. The reaction appears to follow a displacement type of 
mechanism rather than straight addition. 
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RESULTS AD DISCUSSION 
6.2 Alkylations with lithiuma lkyls 
Considering the possible involvement of free radicals 1n the reaction 
of cationic salts with alkyllithium, a re-examination of this reaction 
. 
seemed desirable, in the presence of a radical scavenger, e.g. 2,4,6-tris 
(l~lLdimethylethyl)phenol. The initial experiment with Meli and the 
unsubstituted cation 4 in CH 2Cl 2 at -78°C in the presence of the radical 
scavenger (3-5% mol) , gave in high yields the expected adduct 151 . 74 , 53c 
R = H ( 4 ) 
= OMe( 6 ) 
= Me ( 15 2 ) 
151 
.-
,, 
11
Me 
The blank experiment without the radical scavenger afforded the 
same product ill in high yield (Table 6.1). The use of ethereal solvents 
(Et20 or THF) at -78°C provided low yields of the product ill as noted 74 , 53a 
prev iou sly. Methylene chloride (solvent) being considered as the factor 
for success 1n the alkylation, the salts i, 6 and 152 were reacted with 
R'Li (R' = Me, nBu, iPr and tBu) at -78°C. The results are shown 1n 
Table 6. l. 
TABLE 6.la 
Products from the reaction of tricarbonyl(cyclohexadienyl)iron cations 
with lithiumalkyls in methylene chloride 
Cation Meli Buli i P rl i tBuL i 
4 87% (80%)b 90% (90%)c 77% (52%)c 79%(69%)e,f 
152 96% (60%)b 96 % (81 %)c 94% (55%)c 87% (71 %)e 
(75:25) 9 (70 :30) 9 (90:10) 9 (80:20) 9 
6 94% (50%)b 84% (58%)c 94% (l0%)d 80% 
(100:0) 9 (90:10) 9 (90:10) 9 (60:40) 9 ,h 
a Isolated yields, not optimised. Spectral data are identical with 
those previously reported. 53 
b LiMe 2Cu; c R2Cd; d R2Zn; e Li(tBuCuSPh); the best yields selected 
f . k 53 rom previous wor . 
f Contains a very small amount of an unidentified impurity. 
9 The ratio of the isomers corresponding to the additions at 5- and l-
positions, respectively; as estimated from 1H NMR spectra. 
-
h The ratio of the isomers isolated. 
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With the 2-Me cation 152, the addition occurred predominantly at 
the 5-position, in agreement with previous studies 53 using other alkylating 
reagents. However, the anticipated completely regioselective character of 
2-0Me cation f was not observed with R'Li (R' = nBu, iPr, tBu) where 
both products corresponding to additions at l- and 5-positions were formed. 
These are the first examples of nucleophilic addition at al-position of 
a 2-0Me cation. With tBuli, the addition at the l- position was as high 
as 40%. This may be due to the high reactivities of lithiumalkyls 1n 
nucleophilic additions relative to organo-zinc, -cadmium or -cu pra te 
reagents. The isomer ratio of the products corresponding to the additions 
at 5- and l- positions in the alkylation of 2-0Me cation 6 is consistent 
with this factor. The same trend was not found in the case of 2-Me cation 
l 52 Th . . h . bl t l h h th k 34 b t · · . 1s 1s not compre ens1 ea present at oug e nown reac 1v1ty 
order 2-Me cation 152 > 2-0Me cation 6, is reflected in the relative % 
addition of R'Li (R' = Me, nBu) at the l-positio n of each salt. 
Whether methylene chloride functions as a radical scavenger or 
modulates the reactivity of lithiumalkyls by salvation, the reason for the 
initial choice of CH 2 Cl 2 as the solvent was the partial solubility of the 
8 PF 6 salt 1n CH 2 Cl 2 . The disappearance of the salt could then be observed 
visually as the reaction proce~ds. 
This method has the distinct advantage in that the lithiumalkyls are 
usually the starting materials for other organometallic reagents like 
dialkylzinc, organocuprates 53 and allylsilanes 43 which have been used 
successfully for alkylation of the dienyl cations. 
6.3 Reactions with RXH 
The alkoxy adducts, which are acid labile, may be isolated from the 
reaction mixture by rc111oval of the resulting acid (e . g. HPF o), using an 
appropriate base. 
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R 
''' \ 
R = 0Ph ( 40 ) 
(C0) 3Fe -
= SPh (~ ) 
= S @ 1102 (153) 
= SePh ( 4 2 ) 
The unsubstituted salt 4 reacted with phenol, phenylthiol, p-
nitrophenylthiol and phenylselenol in CH2Cl2 at room temperature 1n the 
presence of Hunig base to give 40, 58 41 , 53c 153 and 42, respectively, in 
high yields (85-90%). The disappearance of the PF~ salt upon the addition 
of Hunig base was usually within five minutes . While the reaction 
proceeded smoothly with Hunig base either at 0°C or room temperature, 
slightly reddish brown solutions were observed with triethylamine at room 
temperature indicating some decomposition. In the case of potassium 
carbonate, longer reaction times (> 24 h) were needed for complete 
disappearance of the yellow salt. The products were purified by passage 
through a short column of basie alumina or by recrystallization; when 
passed through silica phenoxy groups exc~anged with hydroxy. The adducts 
from the above reactions were readily identified from their spectral 
properties. The stereochemistry was assigned unequivocally from 
methylene splitting patterns characteristic of an adjacent a - substituent 
(section 2.3.l). 
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Rl Rl OMe , 2 = rnenthy l ( 1 54 ) = R 
(C0) 3Fe R l 2 H' ( 3 9 ) = R = f,1e ,, 2 
11 OR Rl Me , R2 = i Pr ( 54 ) = 
Analogously, menthol and isopropanol were added to the 2- 0Me 
salt.§__ and 2-Me salt 152 in the presence of Hunig base at 0°C to give the 
adducts 154 and__§±, respectively 1n high yields . 
The addition of Hunig base or triethylamine by itself to a suspension 
of the salt 4 in CH2Cl2 resulted al most instantaneously in a homogeneous 
solution . The infra red spectrum of the solution showed bands (2050, 
1980 cm- 1 ) for neutral Fe(C0)3 group. The addition of petroleum to the 
cooled (-40°C) solution resu l ted in an unstable solid residue, the 1H NMR 
of wh ich showed signals at 6 5.4, 3.4 and 2. 9 corresponding to inner and 
outer protons indicating the absence of a positive charge on the diene 
segment. This solid residue gave the adduct 3933 in 49% yield when stirred 
i n CH 2Cl 2 with methanol . The use of pyridine as the base afforded almost 
ii 
quantit~vely a stable pale yellow solid which showed spectral properties 
consistent with the structure . 155. 151 The salt 155 did not react with 
methanol . The addition of pyridine to a solution of the salt 4 and 
methanol in acetonitrile r esult ed i n 155, and no ·39 was i sola ted . 
155 
7 [3 
Considering a mechanism , the involvement of the tertiary amine (NR~) 
can be envisaged in three different ways. 
( l ) 
( 2) 
( 3) 
l l . 
1. Fe(C0) 3.(5H' PF~+ RXH ~ Fe(CQ)3 .( r, H7 . XR + HPF6 
l l . HPF6 + :NR~ ~ R~NffiH PF~ 
l . ->-
11 . Fe(C0)3.(5H7 . NffiR~ PF~ (156) + RXH ~ Fe(C0) 3.(5H7 .XR (157) 
+ R;NffiH PF~ 
The above experimental results do indicate the intermediacy of 156. 
A stable qua ternary ammonium salt of the type 156 has been isolated 
previously105 with 2-0Me cation_§__ and 3-(pyrrolidin-l-yl)estra-3,5-diene-
17-one. For ionization of RXH by a tertiary amine requires certain 
activation in RXH; tertiary amines are not, for example, protonated by 
phenylthiol. 152 The formation of 156 may require less activation energy. 
The conversion of the ammonium salt 156 to the adduct 157 depends possibly 
.• 
on their relative stabilities. In the case of pyridine, the pyridinium 
salt 155 was isolated. The significant stability of 155 may be accounted 
for by the delocalisation of pasitive charge on the py ridine ring. Had 
mechanism (2) been operative, the 5a -0Me adduct 39 should have formed fro m 
the mixture of 4, rnethano l and pyridine. 
The mechanism is clearly (3). The tertiary amine functions as a 
'nucleophilic catalyst' . The isolation of acid labile adducts 157 has 
been possible, the free acid (HPF6) being trapped as the quartenary 
ammonium salt (R~NffiH PFt) . A displacement reaction analogous to 156 ~ 157 
has been reported v1ith neutral comp l exes under reflu x condition s34a 
I I I 
6.4 Outlook 
I OE t 
HNEt 2 
refl ux , TH F 
30 min 
MeO 
,, 
,, 
NE t 2 
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The scope of the reaction conditions employed for alkylation of 
dienyl salts with lithiumalkyls 153 is 'almost limitless as apparent from 
f h k l h l . 147 urt er wor a ong t ese 1nes. The reaction may be extended to other 
types of cations and lithio-derivatives including acyl equivalents. 
Grignard reagents have also been reacted with cationic comp lexes 
successfully. The use of methylene chloride as the solvent at low 
temperatures has enabled the alkylation of tricarbonyliron complexes of 
cyclohexadienones with lithiumalkyls. 
h . d h b h . l l · 147 Now ac ,eve as een t e opt1ca reso ut1on of cationic 
complexes by efficient addition of optically active alcohols, using 
--
Hunig base as the 'nucleophilic catalyst'. 
CHAPTER 7 
ENA TIOMERIC TRICARBONYLIRON COMPLEXES OF KNOW ABSOLUTE 
CO FIGURATION VIA OPTICAL RESOLUTION OF TRICARBONYL n4 -l -
CARBOXYCYCLOHEXA-l ,3-DIENE IRON; APPROACHES TO THE 
ASYMMETRIC SYNTHESIS OF NATURA L GABACULINE 
7.1 Introduction 
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Some potential uses of chiral tricarbonylcyclohexadienyliron salts 
for organic synthesis are based on the production of a new resolved 
chiral centre, by stereo-specific nucleophilic attack (e.g. chapter 6) 
followed by removal of the initial chirality on detachment of the Fe(C0)3 
(section 1.7). To make full use of this capability involves a knowledge 
of the absolute con f igurations of the chiral cations, and an ability to 
produce them in fully resolved form. 
An approach to preparations of the chiral cations is the production 
of related neutral complexes, reactions for conversion of the latter 
into the cations being stereo-selective (section 1.3, chapter 5). 
Although chiral transfer of Fe(C0) 3 to cyclohexadienes has been accom-
plished and the absolute configurations of some of the substituted cations 
(2-0Me and 2-Me 156) which can be derived from the initial products 
are known, they are only parti~lly resolved (section l.5.2). 
Tricarbonyl(n 4 -l-carboxycyclohexa-l,3-diene)iron 122 belongs to a 
particularly important series. The C02H group provides a basis for 
51 classical resolutions. Further l-carboxyl and l-alkyl substituted 
cations can be derived from 122 (section 5. 3. 2), providing a model for a 
number of synthetic processes . The reaction of enantiomeric l-carboxyl 
cations of known absolute configurations with appropriate nitrogenous 
nucleophiles may, for example, be the only practicable route to a direct 
asymmetric synthesis of natural gabaculine 10 and a determination of its 
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absolute configuration, as discussed below. 
5 12 2 10 
Gabacul ine 70 was discovered in a culture filtrate of Str·ep t omyccs 
toyocaeni is subspecies 1039 by Mishima and coworkers 1n 7976. 57a 
Gabaculine, isolated as an amorphous powder, [a ] 0 = - 454° (C = l, H20), 
was assigned the structure 10 on the basis of physical and chemical data. 
This unusual naturally occurring amino acid is a topic of current 
biochemical interest because it is an inhibitor of y-aminobutyric 
aminotransferase, an enzyme that is directly involved in the metabolism 
of GABA (y-aminobutyric acid), an important inhibitory transmitter in the 
nervous system. 754 
Total synthesis of (±)-ga__baculine has been reported in the literature 
by three groups of workers. 57 Mishima's procedure involved seven steps 
from methyl cyclohexa-1 ,4-diene-1-carboxylate with approximately 20% 
overall yield of gabaculine . 57 ~ Sharpless synthesized gabaculine from 
cyclohexa-3-ene-l-carboxylic acid in 23% overall yield, the key reaction 
being a direcL allyl ·ic a111ination of lt·1 ·l -buLyl cycl oll e: xc.1-3-cne-l-curboxylaLe 
using bis(N-p-toluenesulfonyl )sulfodiimide. Slb Trost obtained racemic 
gabaculine in 45% overal l yie ld from cyclohexa-3-ene-l-carboxylic acid. 
The key step here was the amination of an allylic acetate at an allylic 
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position with 4,4'-dimethoxybenzhydrylamine and tetrakis(triphenylphosphine) 
11 d . 57c pa a 1 um. 
The present study describes the availability of tricarbonyliron 
complexes of known absolute configuration via the classical resolution of 
l-C0 2H complex 122, using (-)-1-phenylethylamine. The model studies for 
asymmetric synthesis of natural gabaculine are discussed, using racemic 
l-C0 2Me cations and nitrogenous nucleophiles. 
RESULTS AND DISCUSSION 
7.2 Optical resolution of tricarbonyl( n4 -l-carboxycyclohexa -1 ,3-diene)iron 
and the absolute configuration of the products 
The classical resolution 110 of l-C0 2H complex 122 was achieved 
through the salts of (-)-1- phenylethy lamine. 155 Recrystallized from 
CHCl3-acetone, the salt was separated into more and less soluble fractions 
which were recrystallized to constant rotation from acetone. The less 
soluble diastereomeric salt, after treatment with dilute HCl, gave (+)-
tricarbonyl (n4 -l-carboxycyclohexa-1 ,3-diene)iron 157, m.p. l47-l49°C, 
[a ]~ 5 + 136° (C = 3, acetone). The more soluble diastereomeric salt 
afforded the (-)-isomer, m.p. 147-149°(, [a J5 5 - 136°. The total yield 
of resolved acid was 34%. The ORD curves are not simple ones but show 
2- - 25 
extremaat414-422 nm, [a ]\~(+) or(-) 55°,and at 484-490 nm, [a ]\ (+) 
or (-) 214°; they do not cross the zero line and [a ]D is sufficient to 
indicate the configuration. 
To find the absolute configuration, the (+) acid 157 was reduced by 
81'3-Mc. S with nr ~-[t ,, O in r cfluxin~ Tllr-, rcsul tin9 in conversion of Lhc 
l-C02H group into a l-Me group to yield the (-)-1-methyl complex 158. 
The same compl ex has been produced 44 by borohydride reduction from the 
(-)-tricarbonyl (n 5 -2 -methylcyclohexadienylium)iron hexafluorophosphate, 
[a J~ 5 = - 2. 5° (C = 9, MeCN) of the known absolute configuration 158 shown . 
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Fe(C0) 3 Fe(C0) 3 
.. 
Me 
(+ ) isomer (-) 1s0111er 
157 15 8 
Fe(C0) 3 
/ 
Me (-) isomer 
Fe(C0) 3 156 
(-) . isomer 
159 
Some (- )-tr i carbonyl (n 4 -2-methylcyclohexa-l ,3-diene)iron 159 formed 
simu l taneously has been separated by chromatography on silica impregnated 
with silver nitrate . .-
There is no obvious mechanism for, .or expectation of, racemisation 
1n these processes so that [a ]~5 - 18° (C = 1, CHCl 3) is believed to be 
that of the optically pure isomer 158. This contrasts with [a]65 - 1.7° 
(C = 3, CHCl3) for 158 obtained via the transfer method 94 and reduction 
of 156, which leads to an enantiomeric excess (e.e.) of only about 10%. 
The observed value of [c1 J5 5 - 1.5° (C = 7, CHC1 3) for 1_59 produced 1n the 
same reduction process with presumably the same e.e. leads to about 
[~]6 5 - 15° as the calculated value for pure 159. 
7.3 Approaches to the synthesis of natural gabaculine 
C0 2Me R2 = R3 = H ( 5 ) 
R2 3 = H ( 100 ) = ~1e, R 
(C0) 3F R2 = H, R3 = Me ( 160 ) 
R2 3 = H ( ~ ) = OMe , R 
R2 = H R3 = OMe ( 16 2 ) 
' 
C0 2Me ( 16 3) RI - RII = Me -
(C0) 3Fe RI = H' RII = Ph ( 164 ) 
,,, 
Me I 
~l RI W1 
l-Methoxycarbonyl substituted sa lts _2, 100, 160, ill and 162 are 
available from benzoic acids 5l ,? O (chapter 4). N,N-Dirnethylamine and 
aniline react ed with the salt 160 (l-C0 2Me , 3-Me) reg io- and stereo-
specifically at 5-position t o give, in good yields, the a -adducts 163 
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and 164, respe.ctively. The a -Jtereochemistry of the products was unequivo-
cally assigned, J5, 66 being 10-ll Hz (section 2.9). 
The regio-s peci ficity of the abo ve addition indicates that 
gabaculine ske l eton lQ_ may be achieved by reaction of l-C0 2Me salt 2 with 
an appropriate nucleophile. The stereo-specificity of the addition 
i mp lica tes the possibilities of an asy11u 11 etric synthesis of natural 
gabaculine by use of an enantiomeric l-C02Me cation . 
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Me 
'',,N ,,,, 
H 
16 5 166 
The use of liquid ammonia as the nucleophile with the unsubstituted 
cation 4, resulted in the dimeric amine 165 in high yield. The reaction 
with NaNH2 led to decomposition. 
The formation of the dimeric product 165 is analogous to the 
reaction of acyclic cations with liquid ammonia. 156 The mechanism is 
straight-forward. The initially formed 5a -NH 2 adduct is possibly more 
reactive and/or soluble (in MeCN) than NH 3 itself. 
The ammonium salt 166 was obtained in good yield from the reaction 
of 100 (l-C0 2Me, 2-Me) with hexamethyldisilazane. The ammonium group was 
noted in the IR spectrum (3225, 3200, 3125, 1575 cm- 1 ) and the 1H NMR 
spectrum (MeCN) where the hu mp at o 4.5 disappeared in the presence of 
020. The mass spectrum of the adduct, however, displayed a frag mentation 
pattern corresponding to the dimeric co mpound 167 [e .g. m/ z 582 (M), 554 
(M-CO) etc, 291 (M/2)]. Possibly this indicates an initial radical 
dimeri sation process in the mass probe. 
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Me • Me 
166 
167 
The 5a-NH2 compound obtained by treatment of the ammonium salt 166 
with an aqueous Na 2 C0 3 solution was unstable and proved unsuitable for 
subsequent reactions to form desired gabaculine derivatives. 
C02Me 
R2 R2 
= R3 = H ( 16 8) 
(C0) 3Fe R2 Me, R3 (~) = = H R3 ,,, 
' N R2 3 
= H, R = Me ( 1_Z_Q ) 
-
The l-methoxycarbonyl salts~, 100 and 160 reacted with potassium 
phthalimide to give the adducts 168, 169 and 17 0, respectively, in 
almost quantitative yields. 
The removal of metal from 168 was accomplished in 71 % yield by 
prolonged (3 days) treatment with Me 3 N0.2H 2 0 in N,N-dimethylacetamide at 
0-5°C. The diene 171 was obtained almost quantitat iv ely from 168 under 
photo lytic conditions (20 hours) in the presence of FeCl 3 .6H2 0/methanol/ 
benzene. However, in the subsequent attempts to reproduce the resu lt, 
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the diene 171 was accompanied by significant amounts (15-25 %) of aromatic 
material. In the absence of light, ferric chloride did not cleave the 
metal even after prolonged reaction conditions (4 days). 
R = Mc ( l 71 ) 
N R = H ( 1 7 2 ) ) -
0 
The alkaline hydrolysis of the diene ester .lZl gave the phthaloyl 
derivative of gabacul ine 172. Ninhydrin test indic.ated the presence of 
an amino acid, probably gabaculine (tlc), 57 b when dephthaloylation was 
attempted, with hydrazine. The isolated product was, however, mainly 
benzoic acid indica~ing the requirement of a protecting group which can 
be removed under milder conditions. 
Carbamates could be converted into NH 2 groups under very mild 
acidic conditions. Preliminary studies (not reported here) indicate 
success in the use of potassiu~ ditertiarybutoxycarbamate. If the rotation 
of the phthaloyl derivative of gabaculine can be found, the result above 
will define its absolute configuration. So far, natural gabaculine has 
not been available to us. 
7.4 Outlook 
A variety of carboxy comp lexes are available from the alkaline or 
acidic hydrolysis of esters (chapter 4). Classical resolution of these 
acids ma y provide a vast range of optically pure intermed iates for 
application in asymmetric synthesis. 
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The utilization of Fe(C0) 3 as a lateral activating group in the 
synthesis of gabaculine has some distinct advantages over the previous 
approaches: 57 the possibility of synthesizing both (-)-gabaculine, 
naturally occurring enantiomer,and (+)-gabaculine; the determination of 
their absolute configurations; the flexibility for the preparation of 
substituted gabaculines using substituted l-methoxycarbonyl cations. 
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EXPERIME TAL 
GENERAL 
Infrared (IR) spectra were recorded on a Perkin-Elmer 257 instrument, 
using polystyrene as a calibrant . 1H NMR spectra were measured for 
solutions in CDCl , unless stated otherwise, with TMS as the internal 
3 
standard on JEOL Minimar 100 and Varian HAlOO spectrometers. 13c NMR 
spectra were recorded on a JEOL FX60 instrument operating at 15 . 04 MHz . 
The mass spectra (MS) were recorded on an AEI MS902 double-focussing mass 
spectrometer, using heptacosafluorotributylamine as the reference for 
determination of high resolution data. Melting points (m.p.) were 
determined on a Reichert hot stage apparatus and are uncorrected. Optical 
rotations were measured on a Benedix NPL Automatic Polarimeter l43C. 
Optical rotatory dispersion (ORD) and circular dichroism (CD) curves were 
recorded on a JASCO Optical Rotatory Dispersion Recorder, model ORD/UV-5, 
with Sproul Scientific SS 20 CD Modification . Ultraviolet (UV) spectra 
were recorded on a Varian DMS90 UV Visible Spectrophotometer. Microanalyses 
were performed by the Australian National University Analytical Services 
Unit . 
-
NMR data are presented 1n the following order: chemical shifts (6), 
integration (number of nuclei), mu ltiplicity in terms of usual abbrevia-
tions (e.g . s for a sing l et, d ·for a doublet, t for a triplet, q for a 
quartet, dd for a doublet of doublets and m for a multiplet), coupling 
conslunls (llz), u11d assi~ 11111cnl . MS 1ra~111cnls ure ~ivcn as 111 / ;: vc1luc s , 
and within brackets are indicated assignment and, if relevant, the 
relative c1bundance as a percentage of the base peak. 
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Column chromatography was carried out using Me rck silica gel 60 
(70-230 mesh ASTM), silica gel H (type 60), or basic alumina 90 (activity 4, 
70-230 mesh ASTM) as the absorbent. Thin layer chromatography (tlc) was 
performed on plates (20 cm x 20 cm x l mm) and microslides (analytical) 
coated with Merck Kieselgel KGF 254 . The tlc plates were visualised using 
ultraviolet light. Solvent mixtures are expressed as a ratio, volume to 
volume (v/v). Li ght petroleum refers to the fraction which boils between 
60 °C and 80 °(. 
All reactions were carried out under nitrogen . Commercially available 
solvents of analytical grade were used without further purification, unless 
stated otherwise. 
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CHAPTER 2 
Availability of compounds 
The methods of preparations and the characterisations of the compounds 
for which the references have not been indicated in the discussion 
(chapter 2), are presented in the Experimental for other chapters. 
Tricarbonyl(n 5 -6a -methoxycarbonylcyclohexadienylium) iron 
hexafluorophosphate ZQ 
A solution of tricarbonyl (n4 -l-methoxy-6a -methoxycarbonylcyclohexa-
l ,3-diene)iron lQ (500 mg, l.62 mmol) in nitromethane (0.3 ml) was added 
dropwise with occasional stirring to ice-cooled cone. H
2
S0
4 
(l .5 ml) 
containing a few drops of formic acid. After 10-15 min, an ice-cooled 
aqueous solution 0-5 ml) of NH 4 PF6 (2-3 g) was added with vigorous 
stirring . The yellow precipitate was collected by filtration, washed 
several times with water then by ether. The air-dried salt was dissolved 
in a minimum amount of nitromethane and filtered into a mixture of ether 
and light petroleum (2:l, ca 25 ml). 
vacuum drying, afforded 295 mg , 43%; 
c5(CD 3C~l) 6.94 (lH, t, J 2 3 = J 3 4 = 
' ' 
The precipitated salt (ZQ), after 
v (KBr) 2130, 1980, 1740 cm- 1 ; max 
7 Hz, 3-H), 5.98 (2H, t, J1 2 = 
. ' 
J 4 5 = 7 Hz, 2- and 4-H), 4.39 (2H, t, J = 7 Hz, 1- and 5-H), 3.83 
' 
(lH, t, Jl, GS = J5 , 63 = 7 Hz, 6-H), 3. 51 (3H, s, C0 2Me). 
it -Hexa111e thy l ben zcne ( ,/ 1 -2-111ethoxyca rbonyl eye l ohexa- 1 , 3-di ene) iron 72 
A s u s p e n s i o n o f d r y ( C (j Me G ) 2 Fe ( I I ) ( P F G ) / ( 3 0 0 mg ) a n d l % N a / H g ( 5 m 1 ) 
1n freshly distilled THF (20 ml) was stirred at room temperature for 
l h.
157 
The mercury was filtered off . Methyl cyclohexa-1,3-diene-2-carboxy-
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late (l g) 1n THF (3 ml) was added to it and the mixture stirred at 40 °C 
overnight. THF was removed in vacuo and the residue was taken 1n hexane. 
Removal of solid matter by filtration and concentration of the hexane 
solution gave a reddish solid which was placed in a sublimation apparatus 
(40°C/O. l mmHg) for a period of 24 h to remove any hexamethylbenzene. 
The unsublimed residue was crystallized (n-hexane, -78°C) giving air-
sensitive dark reddish-brown crystals (~ 100 mg, ~ 50%), v 2900, 2840, 
max 
1700, 1450 cm-1; 6(C 6D6) 4.75 (lH, d, J = 6 Hz, 3-H), 3.44 (3H, s, C0 2Me), 
2.27 (lH, m, diene l-H), 2.05 (lH, m, 4-H), l. 8 (18H, s, C6Me 6), l.5-1 . 0 
(4H, m, 5,6-H); m/z 356 (90%, M), 341 (10%, M-C0 2Me), 249 (39%, C6Me 6Fe0Me), 
219 (62%, C6Me 6FeH), 218 (59%, C6Me 6Fe), 194 (11 %, FeC 8H1002), 162 (67%, 
C6Me 5), 161 (47%, c12H17), 147 (100%, cllHlS )' 134 (27%, FeC6H6), 105 
(29%, C6H5C0); (Found: C, 67.6; H, 7.9. c20H2802Fe requires C, 67.4; 
H, 7.9%). 
Lanthanide shift reagent (LSR) studies on tricarbonyl( n4 -l ,6 6-dimethoxy-
carbonylcyclohexa-l ,3-dien e)iron 25, tricarbonyl( nq -l , 6a -dimethoxycarbonyl-
cyclohexa-l ,3-diene)iron 26 and tricarbonyl (n4 -5a ,6B-di methoxycarbonyl-
cyclohexa-l ,3-diene)iron 35 
--
A 2.2 M solution of tris(l,l,l,2, 2,3,3-he ptafluoro-7,7-di[ 2H3]methyl-
8,8,8-[ 2H3]0ctane-4,6-dion ate)euro pium(III) in deute roc hloroform was 
added sequentially in 5 µl portion s to the compound (35 mg , 0.13 mmol) 1n 
deuterochloroform (0 .4 ml) at ambient te mp erature. The 1H NMR of the 
solution was recorded after each addition, usin g a Varia n HA 100 spectro-
meter at 100 MHz with TMS as lock. 
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Computer-simulation studies 
143 The NMRSIM program was used with the assistance of Mr M.J. 
Whittaker. The chemical shifts and the coupling constants depicted 1n 
the Fig 2. l and 2.3 were fed into a DEC PDPll/45 computer. Simulation 
of the observed patterns (Fig 2.4 and 2. 5, respectively) was achieved by 
var i ation of the difference in chemical shifts of B-H and a-Hof 
methylene protons. 
Aromatic solvent induced shift (ASIS) studies 
The 1H NMR of each compound (Table 2.6) was recorded both in 
deuteroc hl oroform and hexadeuterobenzene on a JOEL Minimar 100 spectrometer . 
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CHAPTER 3 
General procedure for complexation of dienes with pentacarbonyliron 
Complexation was performed under 'thennal I or 'photochemical 1 
conditions. The thermal reaction, unless specified otherwise, involved 
boiling the diene with excess filtered pentacarbonyliron (ca 2.0-3.0 
equivalents) in di-n-butyl ether (freshly filtered through basic alumina; 
. 14 36 78b ca 10 ml for 1 g of d1ene) under reflux for 18-20 h. ' ' After 
cooling to ambient temperature, the reaction mixture was filtered through 
Celite and solvent removed, together with excess Fe(C0)
5
, under aspirator 
pressure ( ca 12 mmH9 , 60-70°C, in a Buchi rotary evaporator). The residue 
was passed through a short column of silica gel H(type 60), using a mixture 
of ether and light petroleum (1 :1) as the eluant. Unreacted diene (if 
any) was removed by recrystallization or distillation under reduced 
pressure; in the case of some blocked ester complexes, unreacted diene 
was remo ved by alkaline hydrolysis where the complex remained unchanged 
(chapter 4). 
The photochemical method involved the irradiation under reflux, 
of the mix ture of the diene, pentacarbonyliron and the solvent with ultra-
violet li ght from Clemco 16 x~12 W UV lA mp s (280 nm). The work-up was 
similar to that described above. 
General procedure for preparation of cyclohexa-1 ,4-diene esters from 
benzoic acids 
The method involved Birch reduction (Li/ NH
3
) of the aromatic acid 
and subsequent rnethy lation of either the lithium salt of the reduced 
acid (Me ?S01/MeOH ), or the isolated free acid (Me ?S01/K?C0 3/acetone). 
Birch reduction of benzoic acids was carried out in a conical flask (a 3 2 
flask for 0. 5 11101 scale) using liquid ammonia ( ~n 0. 5 Q, for 0. 5 mol of acid) 
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transferred directly from an inverted cylinder. The aromatic acid was 
added portion-wise with magnetic stirring. Lithium wire cut into small 
pieces (2-5 cm lengths) was added to the flask as rapidly as the foaming 
allowed, until a permanent blue colour was maintained for 30 min. About 
2.5 equivalent of lithium was usually required for the reduction. Towards 
the end of the reaction the walls of the conical flask were washed with 
ether to retain any unreacted material to the flask. Solid NH
4
Cl was 
cautiously added to destroy the blue colour. The ammonia was allowed to 
evaporate overnight and the remaining residue either methylated without 
further purification or the acid was isolated and methylated subsequently. 
To isolate the reduced compound, the residue obtained above was 
dissolved in a minimum amount of water and ice-co1d dil. HCl (20%) added 
until the mixture was acidic (litmus). The product was taken up in ether 
(4 x 200 ml for 0.5 mol scale). Combined ether extracts were washed with 
brine and water, dried (MgS0 4 ) and concentrated at aspirator pressure. 
The methyl ester was obtained by boiling the crude acid with Me
2
S0
4 
and 
excess anhydrous K2C0 ~ in acetone under reflux in the usual way. 
To obtain the methyl ester without isolation of the intermediate 
acid, excess Me 2S04 (ca 3 ml for l g of acid) was added cautiously to an 
i c e - co l d s u s p e n s i o n i n me th a n 0-1 ( ca 1 5 m 1 f o r 1 g o f a c i d ) o f th e a b o v e 
residue from Birch reduction. The reaction mixture was stirred at ambient 
temperature for 24 h, diluted with ice-cold water, and extracted with 
light petroleum. The petroleum extract was worked up in the usual way. 
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Separation of the mixture of tricarbonyl(n4 - 5s-methoxycarbonylcyclohexa -
l ,3-di ene)iron ll_, tricarbonyl( n4 - 5a-methoxycarbonylcyclohexa-l ,3-diene)-
1ron ~ and tricarbonyl( n4 -2-methoxycarbonylcyclohexa-l ,3-diene)iron J1.. 
Complexation ofmethyl cyclohexa-2,5-dienecarboxylate n51 obtained 
as above under thermal conditions afforded a mixture of 27, 29 and 12 in 
- -
a ratio of 70:15:15 (1H MR) in 56% yield (Table 3.1) . The isomer ratio 
was calculated from the integration of the resonances at 6 6. 08 (d, 3-H of 
]1..) , 5.4-5.3 (m, 2- and 3-H of ll_ and~), 3.65 (s, C0
2
Me of ll_ overlapped 
with the signal for l-H of ]1..) and 3. 56 (s, C0 2Me of~) (see below for 
full spectral information of the pure isomers). 
The mixture of the ester complexes (6 . 35 g, 0.023 mol) was stirred 
magnet ically wi th an aqueous solution of sodium hydroxide (20%, 200 ml) in 
methano l (300 ml) at 5- l0°C for 2 h. The crude mixture (6 .0 g, 90%) of 
carboxy complexes (see Experimental, chapter 4, for work - up procedure), was 
fractionally recrystallized (from CHC1 3 and n- hexane) with slow cooling 
giving an in iti al crop of pale yellow crystalls (l .75 g, 28%) of 
t ri carbonyl(n~ -5 B-methoxycarbonylcyclohexa-l ,3-diene)iron 64. An analytical 
sample was obtained by further recrystallization fro m CHC1
3
- hexane, m. p. 
ll6-ll9°C (decamp . ); v (CHC1
3
) 32 00 - 2480 
max 
- 1 ( br, C0 2H), 2040, 1955, l 700 cm ; 
cS (CDCl 3 ) 9. 3 (br s , C0 2H) , 5. 30 (2H, m, 2- and 3-H), 3. 30 (2H, m, l - and 
+ 
4-H), 2. 57 (lH, m, J = 8 Hz, J B =. 4-6 Hz, 5-H), 2. 24 (2H, m, t 
5 , 6a 5 , 6 ~ 
J66 = 15 Hz, J G = 4 Hz, 6B-H), l.89 (lH, m, J = 3 Hz, 6a-H) ; 6a G · , L1 Ga , 4 
m/z 264 (M), 236 (M- CO), 208 (M- 2CO), 180 (M-3CO); (Found : C, 45.3; 
~ 
H, 3.6%. C10H805 Fe requires C, 45.5; H, 3.1%). +cH ?(B) -s plitting pattern 
(section 2. 3) . 
The mother liquor was concentrated and cooled (4 °C) g1v1ng a second 
crop (l . 78 g, 28%) of yellow crystals. 1H MR indicated the presence of 
both Sa- and Sr,- carboxy complexes, 46 and .§i respectively, in a ratio of 
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3:1 . Efficient fractional sublimation of the solid gave two crystalline 
solids identified as tricarbonyl(n 4 -5a -carboxycyclohexa-l ,3- diene)iron 
46 (m.p. 9l - 93°C, 90-l00°C/0 .05 mmHg) and SB-carboxy complex (ll0°C/ 
0. 05 mmH~), the former being more volatile. The Sa -carboxy complex 46 
displaye d the following spectral characteristics: v a (CHCl ) 3200-2480 
m X 3 
(br, C0 2H), 2040, 1960, 1695 cm-1 ; 8 (CDC1 3 ) 9.8 (br s, CO H), 5.4 (2H, m, 2 t 
2- and 3-H), 3.12 (2H, m, l- and 4-H), 2.92 (lH, m, 5-H), 2.09 (lH, m, 
6B- H) , l . 87 (lH, m, + 6a-H); m/z 264 (M), 236 (M -CO), 208 (M-2CO), 180 
(M-3C0); (Found: C, 45 . 5; H, 3.3%) . f CH 2 (a ) - splitting pattern (section 
2. 3) . 
A third crop of crystals (1.36 g, 21 %) from the recrystallization con-
si sted of SB-, 2- and Sa- carboxy co mp lexes in a ratio of 7:4:2 as indicated 
from 1H NMR . The isomer ratio was calcu l ated from the resonances at 6 6.1 6 
(d, 3-H of 2-carboxy complex), 5.4-5.3 (m, 2- and 3-H of SB- and Sa -
carboxy complexes), 3. 76 (d, l-H of 2-carboxy complex), 2.92 (m, 5-H of 
5a-carboxy complex) and 2.57 (m, 5-H of SB- carboxy complex). The spectral 
characteristics of 2- carboxy complex and the corresponding methoxycarbonyl 
ester have been reported elsewhere. 51 
Methy la tion (Me SO /K CO /acetone) of Sa-carboxy complex 46 (l . l g, 
2 4 2 3 
4.2 mmol) gave tricarbonyl( n4;5a -methoxycarbonylcyclohexa-l ,3-diene)iron 
2 9 as a ye l l ow o i l ( b . p . 9 6- 9 8 ° C / 0 . 7 rnmH g , l . l 6 g , 9 9 % ) ; v max ( f i l m) 
2050 , 1970, 1735 cm-1 ; 8(CDC1 3 ) 5. 4 (2H~ m, 2- and 3-H), 3. 56 (3H, s, 
+ t C0
2
Me) , 3.1 (2H, m, l- and 4-H), 2.9 (lH, m, 5-H) , 2. 09 (lH, m, 6B- H) , 
1. 87 (lH, m, f fo-H). l CH (a )-spl itting pattern . The comp lex £2_ was 
2 
unaffected by Ph cffiPF8 . 
3 6 
Tricarbonyl( n4 -5s-methoxycarbonylcyclohexa-l ,3-diene)iron 27 was 
similarly obtained in 75% yield by methylation of 513-carboxy co mp lex 64. 
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v max ( f i l m) 2 0 5 0 , l 9 6 0 , l 7 3 0 cm -1 ; o ( CDC l 3 ) 5 . 2 8 ( 2 H , m , 2 - a n d 3- H ) , 3 . 6 5 ( 3 H , 
s, CO Me) , 3. 28 (2H, m, l- and 4-H), 2. 48 (lH, m, J5 = 8 Hz, J 5 , 6 Q 2 t , 6Cl .1.. µ 
= 4-6 Hz, 5-H), 2.24 (lH, m, J6 B,6a = 15 Hz, 6B-H), l.89 (lH, m,+ 
J6 4 = 4 Hz, 6a-H); m/~ 278 (M), 250 (M-CO), 222 (M-2CO), 194 (M-3CO). + Cl ' 
CH (B)-spl i tting pattern . Treatment of the ester ll_ (100 mg, 0.36 mmol) 
2 
with Ph 3C
61P~ (140 mg, 0.36 mmol) in acetonitrile (2 ml) at ambient 
temperature for 30 min afforded, upon precipitation from Et
2
0 and light 
petroleum (2 : l) , a yellow crystalline solid (93 mg, 61 %). The salt was 
ident i f i ed as tricarbonyl(n 5 -6B-methoxycarbonylcyclohexadienylium)iron 
hexafl uorophosphate , v (KBr) 2120, 1970, 1740 cm- 1 ; o(CD3 CN) 7.17 (lH, max 
t, J = 7 Hz , 3-H), 5. 91 (2H, t, J = 7 Hz, 2- and 4-H), 4.26 (2H, d, 
J = 7 Hz, 1- and 5-H), 3.84 (3H, s, C0 2Me), 3. 04 (lH, s, 6-H) . 
Application of complexation conditions to tricarbonyl( n4 -5B-methoxycarbonyl-
cyclohexa - l ,3-diene)iron ll_, tricarbonyl(n 4 -:fX-methoxycarbonylcyclohexa-
l ,3-d i ene)iron 29 and tricarbonyl( n4 -2-methoxycarbonylcylohexa-l ,3-diene)-
iron 12 
Each compound (100 mg) dissolved 1n di-n-butyl ether (5 ml) was 
heated with pentacarbonyliron (O . l ml) for 20 h under reflux. The crude 
products (90% from ll__, 70% from~ and 75% from .J1) displayed 1H NMR 
resonances identical to the starting ester complex . A small amount ·of 
aromatic material was noted (1H NMR) in each case . 
Reaction ofn1ethyl cyclohexa-2,5-dienecarboxylate J) with pentacarbonyliron 
- -- - ------ - - - -
-- -- - - ------·- - - -- ------ ·- -----------------
under different conditions 
The reaction conditions and yields are given 1n Table 3.1. The 
thermal conditions were applied for large amo unts of the diene precursor 
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(5-10 g) while photochemical conditions with smaller amounts (2 g, 500 ml 
of solvent). 
Reaction of p-bro111ophena.cy l cyclohexa-2,5-dienecarboxylate 78 with 
pentacarbonyliron 
A mixture of potassium cyclohexa-2,5-dienecarboxylate (7.0 g, 43.2 
m11ol), p-bromaphenacylbromide (6 . 0 g, 21.6 mmol) and 18-crown-6 ether 
(1.32 g, 5 mmol , 0.05 M) in acetonitrile was stirred magnetically under 
reflux for l h. 128 The mixture was cooled, filtered and concentrated. 
Removal of 18-crown-6 by filtration through a column of silica in benzene 
ga ve after recrystallization from Et0H/H 20 the diene precursor 78 as 
white crystals (5.0 g, 70%), m.p . 73-75°C; v (nujol) 1725 (strong, 
ma x 
phenacyl CO) , 1705 (strong, ester CO), 1640 (weak), 1585 (weak); c5 (CDC7
3
) 
7.69 (4H, AB q, aromatic H), 5.87 (4H, br s, diene H), 5.27 (2H, s, 
C0 2 CH 2CO), 3.93 (lH, t, J1 4 = 8 Hz, l-H), 2. 63 (2H, d, 4-H) . 
' 
Complexation of the diene ester 78 with Fe(C0)
5 
under thermal 
conditions afforded a dark brown sticky residue which was distilled 
(150°C/0.00l mmHg) 91v1ng the unstable complex tricarbonyl( n4 -6B-p -
bromophenacylcyclohexa-1 ,3-diene)iron .§2 in very low yield (ca 5%) 
contaminated (1H NMR) with small amounts of p-bromophenacyl benzoate 
(comparison with authentic sample) and p -bromocetophenone (authentic 
sample). The instability and small amounts of material available prevented 
separation of these impurities, and acceptable combustion analysis could 
not be obtained; however, the structure of the maJor component was confirmed 
by conversion (see below) into known compounds. The spectral characteris-
tics of 65 are : v (CHCl ) 2045, 1970, 1735, 1700 cm- 1 ; c5 (CDC1
3
) 7.3 
max J 
(m, aromatic H), 5.24 (m, 2- and 3-H, and CO -CH -CO), 3.2 (m, 1- and 4-H), 
2 ---2 
2. 62 (m, 5-H), 2. 23 (m, + 6S-H), 1.88 (m, + 60. -H); m/z 406 and 404 (M- 2CO), 
378 and 376 (M-3CO), 320 and 318 (M- 3CO-Fe-2H) . CH 2 (B)-splitting 
pattern. Removal of the p-bromophenacyl group with Zn/CH CO H129 at 
3 2 
100 
room temperature for l h gave 5S-carboxy complex 64 (1H NMR), methylation 
(Me SO) of which afforded 5S-methoxycarbonyl complex ll_ (1H NMR, IR, tlc) 
2 4 
identical with authentic sample . 
Reaction of methyl 3,5-dimethoxycyclohexa-2,5-dienecarboxylate 79 with 
pentacarbonyliron 
The di ene precursor ]..2_ was pre pa red ·j n 71 % yield from 3, 5-
di methoxybenzoi c acid by the general procedure described above; vmax (film) 
1730, 1695, 1660, 1595 cm-1 ; 6(CDC1 3 ) 4.78 (2H, d, J1 , 2 = J1 , 6= 3.5 Hz, 
2- and 6-H), 3.93 (lH, dt, J1 4 = 7.5 Hz, 6-H), 3.70 (3H, s, C02Me), 
' 
3.60 (6H, s, 2x0Me), 2.78 (2H, d, 4-H). 
Complexation of the crude ester I'}_ (500 mg, 2.53 mmol) under thermal 
conditions for 40 h afforded a viscous brownish oil. Passage through a 
column of silica gel H (type 60), using light petroleum and Et20 (10%) 
as the eluant gave a homogeneous (tlc) viscous yellow oil (550 mg , 64%) 
which was identified as tricarbonyl(n 4 -l ,3-dimethoxy-5a -methoxycarbonyl-
cyclohexa-l ,3-diene)iron 80, v (film) 2035, 1965, 1725 cm- 1 ; 6(CDC1 3 ) - max 
5. 39 (lH, d, J = 2 Hz, 2-HY, 3.58 (6H, s, 3-0Me and CO Me), 3.36 
2 ,4 2 
(3H, s, 1-0Me), 3.17 (lH, dd, J = 4 Hz, 4-H), 2.90 (lH, m, 5-H), 4 5 · 
' 
2.42 (lH, dd, J 6 G,Ga = 14 Hz, _J 6B, s = 11 Hz, 6B-H), 1.87 (lH, dd, J 6a , s = 
5 Hz, 6a-H); m/z 338 (M), 310 (M-CO), 282 (M-2CO), 254 (M-3CO). The 
ester 80 did not react with Ph JCffiPF~. 
Reaction of methyl 2-methoxycyclohexa-2,5-dienecarboxylate 7~ with 
----- - -
pentacarbonyliron 
Lithium/ammonia reduction of methyl 2-methoxybenzoate (10 g, 60 mmo l) 
1n the presence of water 158 (l .62 g, 90 mmol) gave the diene precursor 
l O l 
13_ 7 O ( 9 . 8 g , 9 7 % ) . The comp l ex a t i on o f the c rude es t er ( 9 . 8 g , 5 8 mmo l ) 
unde r thermal conditions afforded, after subsequent passage through a 
column of silica gel as above, a viscous yellow oil (10 g, 55%) comprising 
a mixture of three isomeric complexes (tlc, 1H NMR, 70 MS): tricarbonyl -
(n4 - l -methoxy-6S-methoxycarbonylcyclohexa - l ,3 - diene)iron Q, tricarbonyl -
(n4- l-methoxy-6a-methoxycarbonylcyclohexa-l ,3-diene)iron lQ_ and 
tricarbony l (n4- l-methoxy-2 -methoxycarbonylcyclohexa-l ,3-diene)iron 77. 
The i somer ratio of ~ :lQ_:..Z1._ was calcu l ated to be 5:6:9 from the integration 
of the resonances at o(CDC1
3
) 5.41 (2-H of lQ_), 5. 28 (2-H of~), 5. 10 
(3-H of lQ_) , 4. 87 (3-H of~) and 4.56 (3-H of ..Z1._) . 
React i on ofdimethyl cyclohexa-2,5-diene-l ,2 - dicarboxylate 75 v1ith 
pentacarbonyl iron 
Tran - cyc l ohexa -3,5-diene- l ,2-dicarboxylic acid, prepared by 
red uc t i on 130 , 759 of benzene- 1 ,2 - dicarboxylic acid with Na/Hg in 
CH Co H/CH Co N · · d130 · t t bt . l h 2 5 d' 3 2 3 2 a , was 1somer1se ,n wa er o o a,n eye o exa- , - 1ene-
l , 2-dicarboxylic acid which upon methylation with BF3-MeOH gave the 
di ene precursor J_J_ as a colourless oil, b. p. 90 -91°C/0.4 mm Hg, ,n 76% 
yield ; v (film) 1740 (strong), 1715 (strong), 1680, 1650 cm- 1 ; max 
o ( C DC l 3 ) 7 . l 2 ( l H , t w i t h f i n e-- s p l i t t i n g , J 3 , L~ = 3 . 5 H z , J 1 , 3 = l H z , 
J 3 5 = 6. 5 Hz , 3-H), 5.82 (2H, m, 5- and.6-H), 4.08 (lH, t with fine 
' 
splitting, J1 ~ = 7. 5 Hz, J = l Hz, 1-H), 3. 71 (3H, s, 2-C0 2Me), , 1 , 5-
3. 66 (3H, s, l-C0 2Me), 2.90 (2H, dd with fine splitting, 4-H); o(
13 c, CC1 4) 
l 171 . 16 (s, CO :-/le), 165 . 70 (s, f0 :-/1e), 137 . 52 (d, JCH = 162.l Hz, 3-C), 
125 . 06 (d of multiplets, 1 JCH = 161.1 Hz, 2JCH = 5.9, 7.8 Hz, 6-C), 
122 . 72 (d of multiplets, 1JCH = 164.l Hz, 2JCH = 5.9, 7.8 Hz, 5-C), 
1 1 ) 51 .8 (q, JCH = 146 . 5 Hz, OMe), 51.42 (q, JCH = 146 . 5 Hz, OMe, 42.20 
(d, 1JCH = 131.8 Hz , 1-C), 27.14 (t, 1 JCH = 129.9 Hz, 4-C). 
l 02 
Complexation of the diene ester Jj__ (1.23 g, 6.28 mmol) with Fe(C0)
5 
(5 ml) under thermal conditions gave a mixture of three (tlc) isomeric 
complexes (l .56 g, 74%). The yield varied from 74% to 93% at different 
runs . The components of the mixture were separated by tlc (ben~ene: 
acetonitrile 20:l, ca 100 mg on each plate). 
The most mobile (tlc) compound was identified as tricarbonyl( n4 -
5ct,6S-dimethoxycarbonylcyclohexa-l ,3-dieDe)iron 12_. Pale yellow needles, 
m.p. 62-63 °( (from light petroleum); v (CHCl ) 2055, 1989, 1727 cm- 1 ; 
max 3 
c5 (CDC1 3 ) 5 . 38 (2H, m, 2- and 3-H), 3.70 (3H, s, 6S-C02Me), 3.62 (3H, s, 
5ct-C0
2
Me), 3.40 (lH, dd, J = 4.5 Hz, J = 3.6 Hz, 5-H), 3.32 (lH, 5 , 6 5 , 4 
dt, J
1 2 
= 6.5 Hz, J
1 6 
= 2.0 Hz, J = 1.7 Hz, 1-H), 3.17 (lH, ddd, 
, , 1 , 3 
J = 6.5 Hz, J = 1. 7 Hz, 4-H), 2.97 (lH, dd, 6-H); m/z 336 (M), 
4, 3 2 ,4 
308 (M-C0), 280 (M-2C0), 252 (M-3C0); (Found: C, 47.1; H, 3.7%. 
C
1 3
H
1 2
0
7
Fe requires C, 46.5; H, 3.6%). The determination of the coupling 
constants and the assignment of resonances 1n the 1H NMR were made by 
application of double resonance techni~ues 1n the presence of Eu(fod-d) , 
9 3 
1 . 1 x l 0 - 1 mo 1 ,Q, - 1 . 
The second band (tlc) corresponded to tricarbonyl( n4 -l ,6a -
dimethoxycarbonylcyclohexa-1,3-diene)iron ~- Yellow crystals, m.p. 
55-56°( (from light petroleum); v (CHCl ) 2058, 1990, 1722, 1702 cm-1 ; 
_ max 3 
cS (CDCl ) 6.23 (lH, dt, J = 4.5 Hz, J = J = 1.0 Hz, 2-H), 5.43 
3 2 , 3 2 , 4 2 , 6 
(lH, ddd, J = 7.5 Hz, J = 0.9 Hz; 3-H), 3.66 (3H, s, 1-C0 Me), 
3 , 4 3 , 5a 2 
3.57 (3H, s, 6a-C0 Me), 3.43 (lH, ddd, J 
O 
= 12.0 Hz, J = 3.7 Hz, 
2 G, Sµ 6 , Sa 
6S-H), 3.21 (lH, m, J = 2.8 Hz, J = 3.5 Hz, 4-H), 2.38 (lH, m, 
4 , Sa 4 , 5S 
J , = 15.5 llz, 5 -11), l. f1 l (lH, 111 , $'{ -II); 111/ :: 336 (M), 308 (M-C0), 
'.Jp , '...ll't 
280 (M-2C0), 252 (M-3C0); (Found: C, 46. 4 ; H, 3.6%). 
The third tlc band gave trica rbonyl (nq -l , 6r~- di metho xycar bonylcyclohexa-
l ,3-diene)iron Q· Yellow crystals, m.p. 92-93 °( (from li ght petroleum); 
vmax(CHC1 3 ) 2060, 1988 , 1722 , 1697 cm-
1 ; (C DCl ) 5 . 91 (l H, dt , J = 
3 2 , 3 
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4.5 Hz, J = l Hz, 2-H), 5.31 (lH, dd, J = 6.5 Hz, 3-H), 3.68 (3H, 
2 ,4 3 , 4 
s, 1-CO Me) , 3.63 (3H, s, 6B-C0 Me), 3.41 (lH, m, J = 3 Hz, 4-H), 2. 35 
2 2 4 , 5 
(lH, dd, J G, Sa = 8 Hz, J 6 , SR = 6 Hz, 6 -H), 2.26-1 . 5 (2H, m, 5-H); m/z 
336 (M), 308 (M-CO), 280 (M-2CO), 252 (M-3CO); (Found: C, 46.8; H, 3. 9%). 
The structures of Q and~ were confirmed by X-ray analysis. 111 
The isomer ratio of the above compounds prior to tlc was estimated 
from 1H NMR to be 25:~:12_::l:3:l. The integration of the resonances at 
6. 23 ( 2-H of ~), 5. 91 ( 2-H of Q) and 5. 38 ( 2- and 3-H of 12_) was 
considered for this calculation. 
The mixture of three isomeric complexes (tlc), produced in< 30% 
yield upon boiling the diene and Fe(C0)
5 
1n xylene under reflux for 18 h, 
l was found to be 25, 26 and 35 in a ratio of 4:7:4 ( H NMR). 
Reaction of blocked cyclohexa-1,4-diene esters with pentacarbonyliron 
Tricarbonyl(n 4-5B-methoxycarbonyl - :a -methylcyclohexa-1 ,3-diene)iron 9093 
Reductive methylation 131 of benzoic acid, followed by n1ethylation 
(Me SO) of the resulting acid yielded methyl l-methylcyclohexa-2,5-
2 4 
dienecarboxylate 85, cS (CDCl) 5. 8 (4H, s, diene H), 3.67 (3H, s, CO Me), 
- 3 2 
2 . 6 4 ( 2 H , s , 4 - H ) , l . 31 ( 3 H , s-, Me ) . 
The complexation of the ester~ (2 g, 13 mmol) under thermal 
conditions gave a viscous yellow oil (l.65 g). The 1H NMR of the product 
indicated the presence of unreacted diene (30%) and the complex ester 
~ (35%) . Starting material was only partially removed by passage through 
a column of silica H (type 60), using benzene and acetonitrile (5% v:v). 
Separation was achieved by selective hydrolysis of the unreacted starting 
material. The mixture was dissolved in methanol, and stirred with an 
aqueous solution of NaOH (excess) at 5-l0°C for 2 h. The complex ester 
which was extracted from the mixture with light petroleum, was found to be 
l 04 
completely free of the starting diene. The overall yield of the complex 
90 was 44% (based on the diene reacted in the complexation process) . 
Yellow crystals, m.p . 53-54°C (from light petroleum); v (CHCl ) 
max 3 
2045, 1975, 1715 cm-1 ; cS (CDCl) 5 . 30 (2H, m, 2- and 3-H), 3.66 (3H, s, 
3 
CO Me), 3.37 (lH, dd, J = 6 Hz, J = 2 Hz, 4-H), 3.06 (lH, m, l-H), 
2 3 , 4 2 , 4 
2.58 (lH, dd, J = 16 Hz, J B = 3.5 Hz, 6S-H), 1.52 (lH, dd, 
6 B, 6 a s , 1 
J = 2.7 Hz, 6a -H), 1.20 (3H, s, Me); m/?. 292 (M), 264 (M -CO), 236 
6a,l 
(M-2CO), 208 (M-3CO); (Found: C, 50 .0; H, 4 .2%. C H O Fe requires 
12 12 5 
C, 49.4; H, 4.1 %). 
Tri carbonyl ( n4 - 5a -benzyl -5 6-methoxyca rbonyl eye l ohexa- l , 3-d i ene) iron 21_ 
R d . l k l . l 31 f b . . . d . h b l b . d 160 e uctive a y ation o enzoic aci wit enzy romi e gave 
l-benzyl-cyclohe xa -2,5-dienecarboxylic acid (92 % yield), methylation 
(Me 2S04 ) of which afforded methyl l-benzylcyclohexa-2,5-dienecarboxylate 
86 in 98% yield as an oil, v (film) 1725 (strong), 1635 (weak), 1600 (weak)·, 
- max 
cS (CDCl 3 ) 7.15 (5H, s, aromatic H), 5 . 80 (4H, s , diene H), 3.61 (3H, s, 
C0 2Me), 2.98 (2H, s, ~ 2 -Ph) , 2.43 (2H, narrow m, 4-H). 
Complexation of the crude ester 86 (l . 5 g, 6.9 mmol) under thermal 
conditions for 40 h gave a yellow solid (2.51 g, 98%) identified as 91 . 
Yellow crystals, m.p . 6l-62° C (from light petroleum); v (CHC1 3 ) 2050, max 
1970, 1730 cm- 1 , o(CDC1 3 ) 7.10 (5H, m, aromatic H), 5. 27 (2H, m, 2- and 
3-H), 3.63 (3H, s, C0
2
Me), 3.30 (lH, dd, J 3 , 4 = 6 Hz, J 2 , 4 = 2 Hz, 4-H), 
3.03 (lH, 111, l-H), 2 .77 (2H, s, I.t:!_
2
-Ph), 2.53 (lH, dd, J 6 B,sa = 16 Hz, 
J G G , 1 = 4 H z , 6 R - H ) , l . 7 7 ( l H , d d , J CJ n ~ 1 = 2 . 7 H z , 6a - H ) ; m I z 3 6 8 ( M) , 
340 (M-CO), 312 (M-2CO), 284 (M-3CO); (Found: C, 58.6; H, 4 . 4%. 
105 
Tricarbonyl[ n4 -5a-(3 1 ,5'-di methoxy)benzyl-5 s-methoxycarbonylcyclohexa-
l ,3-diene]iron ~ 
Methyl l-(3',5'.-dimethoxy)benzylcyclohexa-2,5-dienecarboxylate 87 
( l . 5 g, 5. 2 mmo l), prepared from the sequence : reductive alkyl a ti on 
(3,5-dirnethoxybenzylbromide 161 ) of benzoic acid and me thylation (Me SO ) , 
2 4 
was reacted with Fe(C0) 5 (3.0 ml) under thermal conditions for 40 h to 
give~ as a yellow solid (2. 19 g, 98%). Yellow crystals, m.p. 84-85 °C 
- 1 (from light petroleum); v (CHCl ) 2040, 1985, 1715, 1600, 1595 cm 
max 3 
o(CDCl ) 6. 30 (lH, t, J , , = J , , = 2 Hz, 4 1 -H); 6.15 (2H, d, 2 1 - and 
3 2 , 4 4 , 6 
6 1 - H) , 5. 31 (2H, m, 2- and 3-H), 3. 70 (6H, s, 2 x OMe) , 3. 6 3 ( 3H , s , CO Me) , 
2 
3. 28 (lH , dd, J = 6 Hz, J = 2 Hz, 4- H), 3. 05 (lH, 
3 , 4 2 , 4 m, l-H), 2.69 
(2H , AB q, CH - Ar), 2.49 (lH, dd,J = 16 . 2 Hz, J = 3.7 Hz, 66-H), 
- 2 6S , 6a 6B , l 
l . 78 (lH, dd, J = 3 Hz, 6a-H); m/z 428 (M), 400 (M-CO), 372 (M-2CO), 6a , 1 
344 (M- 3CO) ; (Found : C, 55.9; H, 4. 7%. C H O Fe requires C, 56 . l; 
12 20 7 
H, 4 . 7%) . 
Tri carbonyl ( n4 - l ,6a-dimethyl-6 B-methoxycarbonyl cycloh exa- l ,3-diene) iron ~ 
Methyl l ,2-dimethylcyclohexa-2,5-dienecarboxylate 88 was prepared in 
81 % yield from reductive methylation of 2-methylbenzoic acid followed by 
) - 1 methylation of the resulting dihydro acid, v (film 1725 cm 
. max 
o(CDCl ) 5.9- 5.4 (3H, m, 3- , 5- and 6-H), 3.67 (3H, s, CO Me), 2. 71 (2H, 
3 2 
m, 4-H), l . 68 (3H, m, coupled to diene- and 4-H, 2-Me), 1.37 (3H, s, l-Me). 
Cornplexation of the diene 88 (4.0 g, 26.3 mmol) with Fe(CO) under 
5 
therrna l con di ti ans for 40 h gave a viscous oil ( 6. 74 g, 88%) ho mogeneous 
in tlc . The compound was identified as 93, v (fil m) 2045, 1980, 1730 
- max 
cm-
1 
o(CDCl ) 5. 2 (2H, m, 2- and 3-H), 3.70 (3H, s, C0 2Me), 3. 07 (lH, m, 3 
4-H), 2. 57 (lH, dd,J = 16 Hz, J = 3-4 Hz, 5B- H) , l .72 ( l H, dd, 
If ' 5 B 
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J4 , sa: = 3 Hz, &i -H), 1.47 (3H, s, l-Me), 1.20 (3H, s, 60: - Me) ; m/z 306 (M), 
278 (M-CO), 250 (M-2CO), 222 (M-3CO). 
Tri carbonyl ( r/~ -2, 60:-·d i me thyl -6 (3 -methoxyca rbony l eye l ohe xa - l , 3-d i en e) iron 94 
Methyl l ,3-di methylcyclohexa-2,5-dienecarboxylate ~ was prepared 
- 1 1n 86% yield from 3-methylbenzoic acid as above. v (film) 1735 cm ; 
max 
cS (CDC l 3 ) 5. 7 8 ( 2 H, b r s , 5- and 6-H) , 5. 5 ( l H , narrow m, 2-H) , 3. 6 7 
(3H, s, C0 2Me), 2.57 (2H, br s, 4-H), l.74 (3H, br s, 3-Me), 1.33 (3H, 
s, l -Me) . 
Complexation of the diene §1_ (4.0 g, 26.3 mmol) with Fe(C0) 5 under 
thermal conditions for 40 h afforded a viscous yellow oil (5.80 g, 76%) 
homogeneous by tlc. The product was identified as 94, vmax (film) 2050, 
- 1 1980, 1735 cm ; cS (CDCl 3 ) 5.28 (lH, d, J = 6 Hz, 3-H), 3.73 (3H, s, C0 2Me), 
3.38 (lH, d, J = 1.5 Hz, l-H), 2.92 (lH, m, 4-H), 2.57 (lH, dd, J 5a,SB = 
16 Hz, J56 ,L~ - 4 Hz, 5S-H), 2.15 (3H, s, 2-Me), 1.5 (lH, dd, J5a , 4 = 
3 Hz, 5 -H), 1.20 (3H, s, 60: -Me); m/z 306 (M), 278 (M-CO), 250 (M-2CO), 
222 (M-3CO). 
Complexation of cis -cyclohexa-3,5-diene-l ,2-anhydride 95 
--
The diene precursor 95 was prepared by the reaction of tra:ns -
cyclohexa-3,5-diene-l ,2-dicarboxylic acid with acetic anhydride. 132 M.p . 
. 
l O 8 - l l O ° C ( l i t . l 3 2 l O 8- l O 9 . 5 ° C ) ' V ( nu j O l ) l 8 6 0 ' l 7 8 5 Cm -l ; cS ( c6 06 ) 
max 
5.35 (4H, narrow m, diene H), 2.82 (2H, s, methine H). 
Cis -anhydri de ~ ( l. 0 g, 6. 7 mrno l) was reacted with Fe (CO) 
2 9 
(3.64 g, 10 mmol) in butan-2-one (20 ml) under reflux for 4.5 h. The crude 
residue obtained after norn1a l work-up76 was sublimed at 96-100°C/0 .001 mmHg 
to obtain yellow crystals (170 mg , 10%). The product was identified as a 
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2:1 mixture of tricarbonyl (n4 -5B,6B-a nhydridocyclohexa-l ,3-diene)iron 2§.. 
and tricarbonyl (n4 -5a ,6a-anhydridocyclohexa-l ,3-diene)iron J]__, from the 
following spectral properties. v (nujol) 2065, 2000, 1860, 1787 cm-1 
max 
o(CDC1 3 ) 5.56 (dd, 2.- and 3-H of J]__), 5.33 (dd, 2- and 3-H of 2§__), 3.48 
(narrow m, 5- and 6-H of J]__), 3.24 (m, l- and 4-H of~ and J]__), 2.98 
(m, 5- and 6-H of~ and J]__); ml~ 290 (M), 262 (M-C0), 234 (M-2C0), 206 
(M-3C0). The isomer ratio was deduced from the integration of resonances 
at o 5. 56 and 5. 33 . 
Physical separation of the deeper yellow crystals in the mixture and 
subsequent recrystallization from CHC1 3 and light petroleum gave yellow 
crystals, which had physical properties consistent with the 5a ,6a-anhydrido 
) - 1 structure 97, m.p. l62-l63°C; v (CHC1 3 2060, 1995, 1858, 1778 cm ; - max 
o(CDC1 3 , HAl00 instrument) 5.62 (2H, dd, 2- and 3-H), 3.51 (2H, t, 
J 5 4 = J 6 1 = 4.5 Hz, 5- and 6-H), 3.23 (2H, m, l- and 4-H); (M calculated 
' ' 
for C11H606 Fe 290.9514, found 290 . 9520) . 
Complexation of the cis -anhydride ~ (500 mg, 3.3 mmol) with Fe(C0) 5 
(l. 7 ml) in diethylether (500 ml) under photochemical conditions for 4-5 h 
gave a brownish sticky residue which after sublimation at 96-l00°C/0.00l 
mmHg afforded pale yellow crystals (30 mg, < 5%). The product was 
ident i fied ( 1H NMR, IR, MS) as a mixture of 5B,6B-anhydrido ~ and 5a ,6a -
--
anhydrido 97 complexes 1n a ratio of 4:1 . 
Reaction of ci -di methyl cyclohexa-3,5-diene-l ,2-dicarboxylate 98 with 
pentacarbonyliron 
Esterification of i -cyclohexa-3,5-diene- l ,2-anhydride (3.0 g, 
22 . 4 mmol) with BF3-Et?0-Me0H 133 gave the diene precursor 98 as a colourless 
oil (2.9 g, 75%). v (CHC1 3 ) 1748 (strong), 1610 (weak), 1590 (weak) max 
o (CDC1 3 ) 5.94 (4H, m, diene H), 3.6 (8H , s~ 2 x co2~e and methine H). 
- 1 
cm 
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The i -di ester 98 (l .0 g, 5.1 mrnol) and Fe( C0) 5 (2 .0 ml) in Et 20 
(l £ ) were reacted under photochemical conditions for 4.5 h. The crude 
product (l . 85 g) obtained after normal work - up was sublimed at reduced 
pressure to yield a Yellow solid (1.43 g, 83% ). The product composed of 
two compounds (tlc), was separated by fractional recrystallization from 
light petroleum . 
The first crop afforded major component as moderately unstable buff 
crystals, m.p. l06-l07 °C, and had properties consistent with tricarbonyl 
(n4 -5S,6S-di methoxycarbonylcyclohexa -l ,3-diene)iron 31, v a (CHC1 3 ) 2055, - m X 
1985, 1730 cm- 1 ; o(CDC7 3 ) 5.26 (2H, m, 2- and 3-H), 3.63 (6H, s, 2xC0 2Me), 
3.22 (2H, m, l- and 4-H), 2.92 (2H, s, 5- and 6- H); m/::, 336 (M), 308 (M-C0), 
280 (M-2C0), 252 (M-3C0); (Found: C, 46.4; H, 3.8%. C13 H1207 Fe requires 
C, 46.5; H, 3.6%). 
Second crop gave stable yellow pr isms, m.p . 97-98 °C, which had 
properties consistent with tricarbonyl( n4 -5a ,6a -dimethoxycarbonylcyclohexa-
l ,3-diene)iron 32, v (CHC7 3 ) 2050, 1980, 1730 cm-
1
; o(CDC1 3 ) 5.50 
- max 
(2H, m, 2- and 3-H), 3.55 (6H, s, 2xC0 2Me), 3. 26 (2H, narrow m, 5- and 
6-H), 3.10 (2H, m, l- and 4-H); m/z 336 (M), 308 (M-C0), 280 (M-2C0), 
252 (M-3C0); (Found: C, 46.8; H, 3. 7%). 
The isomer ratio of 31 ~nd 32 prior to se pa ration was calculated to 
be 2:1 from the integration of resonances at o 5.50, 5.26, 3.63, 3.55, 
3. 10 and 2.92 . 
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CHAPTER 4 
General procedure for the preparation of cyclohexa-1,3-diene methyl esters 
( - 2 To a suspension 1n methanol ca 25 ml for l x 10 mo l of the aromatic 
precursor) of the residue obtained after evaporation of liquid ammonia 1n 
the Birch reduction step of substituted or unsubstituted benzoic acid 
(see Experimental, chapter 3), was added excess Me 2S0 4 (ca 7 ml for l x 10-
2 
) ( - 2 ) mol of the acid and KOH 1-2 g for l x 10 mo l of the acid. The reaction 
mixture was heated under reflux for 5 h. The cooled mixture was diluted 
( - 2 ) with water ca 75 ml for l x 10 mo l of acid , and extracted with light 
petroleum. The combined petroleum extracts were washed with a solution 
of aqueous ammonia (to destroy excess Me 2S04 ) and water, and concentrated 
at the a~pirator pressure to give the desired ester . 
Preparation of the ester co mp lexes for hydrolysis studies 
Tricarbonyl(n 4-1-methoxycarbonylcyclohexa-l,3-diene)iron 11, 
tricarbonyl (n lj -2-rnethoxycarbonylcyclohexa-l ,3-diene)iron g, 51 
tricarbonyl(n 4-l-methoxy-2-methoxycarbonylcyclohexa-l ,3-diene)iron 102, 
tricarbonyl( n4 -3- rnethoxy-l-methoxycarbonylcyclohexa -l ,3-diene)iron 103 
and tricarbonyl(n4 -4-methoxy-l~methoxycarbonylcyclohexa-l ,3-diene)iron 
10470 were prepared according to literature. 
Tricarbonyl(n 4 -l-methoxycarbonyl-3- methylcyclohexa-l ,3-diene)iron 101 
The complexation of methyl 4-methylcyclohexa-1 , 3-di ene -2-c arboxy late 
(2.75 g, 18 mmol) with pentacarbonyl under thermal conditions (see 
Exp e r i 111e n ta l , ch a pt e r 3 ) for 4 0 h gave , a ft e r no rm a 1 work - u p , a v 1 s co us 
yellow oil, 3.65 g, 70%, which displayed spectroscopic properties consistent 
l l 0 
with tri carbonyl ( n 4 -3-methoxyca rbonyl - l -methyl eye l ohexa- l , 3-di en e) iron; 
vmax (film) 2040, 1975, 1720 cm-1 ; o(CDC7 3 ) 6.l (lH, s, 2-H), 3.82 (3H, 
s, C0 2Me), 3.7 (lH, m, 4-H), 2.l-2.2 (m, methylene H), l.66 (3H, s, Me). 
The crude ester (2.0 g) was boiled in methanol (150 ml) containing H SO 
2 4 
(15 ml) under reflux for 24 h. Ice-cold brine was added to the cooled 
reaction mixture, and the isomerised complex was extracted into light 
petroleum. The petroleum extract was washed with water, dried (MgSO ) and 
L~ 
concentrated under reduced pressure. The resulting viscous yellow oil 
(2.0 g, 100%) was identified as 101. Yellow crystals, m.p. 74-75°C (from 
light petroleum); v (CHC7 3 ) 2055, 1980, 1700 cm-
1 ; cS (CDCl
3
) 5.89 (lH, 
max 
s, 2-H), 3.65 (3H, s, C02 Me), 3.36 (lH, m, 4-H), 2.08 (3H, s, Me), 2.05-1.28 
(4H, m, methylene H); (M calculated for c1 2H1 205 Fe 292.0034, found 
292.0035). 
Tricarbonyl(n4 -l-methoxycarbonyl-6a-methylcyclohexa-l ,3-diene)iron 47 
The application to 2-methylbenzoic acid of the reaction sequence 
metal/ammonia reduction-isomerisation-methylation, complexation and acid-
catalysed isomerisation as above afforded in comparable yields a viscous 
yellow oil which was subsequently identified as a l :l mixture of 47 and 
tricarbonyl (n4 -l-methoxycarbo6yl-2-methylcyclohexa-l ,3-diene)iron ~-
This mixture could not be separated by c9nventional physical means. To 
the crude mixture of complexes (10.0 g, 34 mmol) was filtered in a solution 
of triphenylcarbenium hexafluorophosphate (13.3 g, 34 mmol) in acetonitrile 
(40 ml) containing a small amount (tip of a spatula) of MgC0 1 . After 
stirring the dark brown solution at ambient temperature for 30 min, a 2:1 
mixture of diethyl ether and light petroleum was added to the reacti on 
mixture to precipitate the resultant cationic complex which was collected 
by filtration and dried under suction. The filtrate was reserved for 
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isolation of the 6a -methyl complex~- Recrystallisation of the yellow 
precipitate from MeCN/Et20/light petroleum gave a yellow crystalline 
solid (4.8 g, 11 mmol, 32%) identified as tricarbonyl( n5-1- methoxycarbonyl -
2-methylcyclohexadienylium)iron hexafluorophosphate 100, decamp. > 176°C; 
vmax(KBr) 2135, 2090, 2070, 1710 cm- 1 ; 6(CD3 CN) 7.17 (lH, d, J3 , 4 = 5 Hz, 
3-H), 5.84 (lH, dd, J 4 , 5 = 8 Hz, 4-H), 4. 7 (lH, dd, J 5 , 66 = 7 Hz, 5-H), 
3. 87 (3H, s , C0 2Me), 3.3 (lH, dd, J6a ,6B = 15-16 Hz, 66-H), 2.5 (3H, s, 
Me), 2.07 (lH, d, 6a -H); (Found : C, 33 .3; H, 2. 9%. C1 2H1105 PF6Fe requires 
C, 33.l; H, 2. 5%). 
The filtrate obtained above was concentrated and cooled to ca - 30°C. 
The resulting triphenylmethane crystals were filtered off. Distillation 
of the filtrate in vacuo gave~ as a yellow oil, 4.0 g, 14 mmol, 40%; b. p. 
85- 90°(/0 .1 mmHg (kugelrohr); v (film) 
max 
2050, 1985, 1690 cm- 1 o(CDC1 3 ) 
6.06 (lH, d, J 2 3 = 4 Hz, 2-H), 5. 42 (lH, dd, J3 4 = 6 Hz, 3-H), 3. 68 
' ' 
(3H , s, C0 2Me), 3. 18 (lH, m, J 4 ,is = 3.5-4.0 Hz, J 4 , 6a = 3.0 Hz, 4-H), 
2.70 (lH, m, 66-H), 2. 29 (lH, m, J 5 sa = 16 Hz, J 5a 6a = 10 Hz , 56-H), + a , µ µ, µ 
1.44 (lH, m, 5a -H), 0.88 (3H, d, J 66H le = 6 Hz, Me); (M calculated for 
C12H1205 Fe 292 .0034, found 292.0036. fCH 2(a) -splittin g pattern (section 
2. 3) . 
Tri carbonyl ( 11 11 -1-methoxyca rbonyl -2-rnethvl cycl ohexa-1, 3-di ene) i ran 99 
Tricarbonyl(n 5-1-methoxycarbonyl-2-methylcyclohexadienylium)iron 
hexafluorophosphate 100 (200 mg, 0.46 mmol) was added to a suspension of 
1 
Na8H (25 mg , 6.0 x 70- rnmol) in MeCN (8 ml) at 0°C and stirred magnetically 
11 
for l h. 
petroleum. 
After addition of brine, the neutral complex was taken in light 
The petroleum extract was washed with water, dried (MgS0 ) 
11 
and concentrated at aspirator pressure to result i n a viscous yellow oil 
l l 2 
(123 mg, 92 %). The compound displayed physical properties consistent with 
the structure of 99. An analytical sample was obtained by passage through 
a short column of basic alumina (activity 4) using light petroleum and 
ether (10%), b.p. 85-90°(/0.l mmHg (kugelrohr); v (CHC1 3 ) 2055, 1990, max 
-1 1690 cm ; cS (CDCl 3 ) 5.17 (lH, d, J 3 , L~ = 6-7 Hz, 3-H), 3.70 (3H, s, C0 2Me) , 
3.19 (lH, m, 4-H), 2.47 (3H, s, Me), 2.ll-l.29 (4H, m, methylene H); (M 
calculated for c
1 2
H
12
0
5
Fe 292.0034, found 292.0038). 
Tri carbonyl (n 4 - l ,4-di methoxycarbonyl cyclohexa- l ,3-diene) iron 105 
Dimethyl cyclohexa-l ,3-diene-l ,4-dicarboxylate was prepared from 
cyclohexane-l ,4-dicarboxylic acid according to literature methods, 134 m.p. 
84-85°( (lit. 134 m.p. 85-85.5°C); cS (CDCl 3 ) 7.09 (2H, s, diene H), 3.78 
(6H, s, 2 x C0 2Me), 2.53 (4H, s, methylene H). The diene ester (1.0 g, 
4.9 mmol) and Fe(C0) 5 (l ml) in nBu 20 (15 ml) was heated under reflux 
with occasional addition of l ml portions (x 3) of Fe(C0) 5 over a period 
of .30 h. The reaction mixture was cooled to room temperature before 
each addition, and the mixture was brought to reflux gradually. Normal 
work-up afforded 105 as a yellow crystalline solid, l .67 g, 96%; m.p. 60-6l °C 
(from light petroleum); v (CHCl ) 2040, 1995, 1697 cm- 1 ; cS (CDCl ) 6.13 
max 3 3 
(2H, s, 2- and 3-H), 3.72 (6H; s, 2 x C0 2Me), 2. 5-2.3 (2H, m, 56 - and 
66-H), l.97-l.3 (2H, m, 5a- and 6a-H); m/z 336 (M), 308 (M-C0), 280 (M-2C0), 
252 (M-3C0); (Found: C, 46.5; H, 3.6¾. C13H1207 Fe requires C, 46.5; 
H, 3.6%). 
Tricarbonyl( n4-5a ,5B-di methoxycarbonylcyclohexa -l ,3-diene)iron 1§_ 
Dilllethyl cyclohexa-2,5-diene-l ,l-dicarboxylate, prepared in 70% yield 
by addition of methyl chloroformate to the lithium enolate of methyl 
cyclohexa-2,5-dienecarboxylate using the meth od of Cregge et az , 162 was 
l l 3 
obtained as a colourless liquid b.p. 76-77°C/0.l5 mmHg; o(CDCl 3) 5.8 (4H, 
s, di ene H), 3. 67 ( 3H, s, CO 
2
Me), 2. 64 ( 2H, s, methylene H), l . 31 ( 3H, s, 
Me) . Complexation of this diene (6 .0 g, 31 mmol) with Fe(C0)
5 
(8 ml) 
under thermal conditions (see Experimental, chapter 3) gave a viscous 
yellow liquid (5.2 g), the 1H NMR of which indicated the presence of the 
required complex 1.§_ contaminated with the starting diene (5%). The complex 
was purified by recrystallization from light petroleum at - l8 °C giving 
36 as yellow crystals (4 . 3 g, 42 %), m. p. 56 . 5-57.5°C; v (CHC7
3
) 2045, 
max 
1980, 1740-1720 cm- 1 , o(CDC1
3
) 5.38 (2H, m, 2- and 3-H), 3.73 (3H, s, 
5B-C0
2
Me ), 3.63 (3H, s, 5a-C0
2
Me), 3. 31 (lH, d, J
3 4 
= 6 Hz, 4-H), 3. 18 
' (lH, m, l-H), 2. 53-2.13 (2H, m, 6-H); m/z 336 (M), 308 (M-CO), 280 (M-2CO), 
252 (M-3CO); (Found: C, 46.5; H, 3.3%. C
1 3
H
1 2
0
7
Fe requires C, 46.5; 
H, 3. 6%) . 
General procedure for alkaline hydrolysis 
An ice-cooled 20% aq NaOH solution (10 ml) was added 1n small 
aliquots to an ice-sooled solution of the ester (0.02 mol) 1n methan ol 
(20 ml). The mixture was stirred magnet ically at 5-l0°C for further 2 h, 
diluted with water (75 ml) and washed with petroleum ether (30/40) (4 x 25 
ml) . The combined petroleum ~xtracts were washed several times with water, 
dried (MgS0 4 ), concentrated in vacuo, and kept aside for the identification 
of the neutral component. The aqueous solution was acidified with ice-
cooled HCl (20%), and extracted with ether (4 x 25 ml). The co mb ined ether 
extract was washed with water, dried (MgSO ti ), and con centrated in vacuo 
to obtain the acidic product . 
Entries 1-4, Table 4. l; alkaline hydrolysis of the comp lex esters 
derived from benzoic acid 
Reaction conditions and the yields are given 1n Table 4. l. 
Tricarbonyl( n4-2-carboxycycloh exa -l ,3-diene)iron resulted from 
2-C02Me complex .11__, displayed spectra l properties identical to those 
reported. 51 
114 
Tricarbonyl( n4-5a -carboxycyclohexa-l ,3-diene)iron 46 obtained from 
5a-C02Me complex 28, displayed spectral properties identical to those 
noted previously (see Experimental, chapter 3). 
Hydrolysis of tricarbonyl(n4-5s -methoxycarbonylcyclohexa-l ,3-diene)-
iron 'fl_ (500 mg, l .8 mrnol) afforded a neutral component (25 mg , 5%) and 
an acidic product (356 mg, 75%). The spectra l properties of the neutral 
component were consistent with a l :l mixt ure of the starting material ('fl_) 
and tricarbonyl( n4 -l-methoxycarbonylcyclohexa-l,3-diene)iron ll_. The 
1H NMR of the acidic product was a composite of the spectra of tricarbonyl-
(n4 -5 B-carboxycyc lohexa-l ,3-diene)iron 64· and the Sa-isomer~ (see 
Experimental, chapter 3). The integration of the resonances at o 2. 57 
(5-H of .§1_) and o 2.92 (5-H of 46) indicated that that 64 was the major 
product and 46 the minor product( < 10%). Fractional recrystallization 
of the mixture of acids from CHC1 3 and light petroleum gave pure 64 
( 1H NMR, ll6-ll9 °C decomp .) as the first crop. 
Entries 5-10, Table 4.1; application of alkaline hydrolysis conditions on 
methy l and methoxy substituted l-C02Me complexes 
Tricarbonyl(n4 -l-methoxycarbonyl-2-methylcyclohexa -l ,3-diene)iron 99 , 
tricarbonyl (q11 - l-methoxycarbony l-6a-methyl cyclohexa- l ,3-diene) iron .1.Z_, 
tricarbonyl( n4 -l-methoxycarbonyl-3-methylcyclohexa -l ,3-diene)iron lQl, 
11 5 
tricarbonyl (n4 -2-methoxy-1-methoxycarbonylcyclohexa-l ,3-diene)iron 102, 
tricarbonyl(n4 -3-methoxy-l-rnethoxycarbonylcyclohexa-l ,3-diene)iron 103 
and tricarbonyl(n4 -4-methoxy -1- methoxycarbonylcyclohexa -l ,3-diene)iron 104 
were considered for this study. In each case, no acidic product was 
obtained. The neutral product contained the unreacted starting material 
( 1H NMR, IR) . The yields are given in Table 4.1. 
Entries ll-13, Table 4.1; alkaline hydrolysis of diester complexes 
Tri carbonyl (n 4 - l ,4-dimethoxyca rbonyl cycl ohexa-1, 3-di ene) iron l 05 
(500 mg, 1.5 mmol) gave, under usual hydrolysis conditions, a mixture of 
monocarboxy and dicarboxy complexes. The complex with the higher solubility 
in CHC1 3 was identified as tricarbonyl(n
4
-l-carboxy-4-methoxycarbonyl-
cyclohexa-l ,3-diene)iron 106 (297 mg, 62 %). Yellow crystals, m.p . 170-172 6 ( 
(from CHC1 3 and light petroleum); v (CHC1 3 ) 3200-2700 (br, CO H), 2065, max 2 
2000, 1700 crn-1 ; cS (CDCl) 9.1 (lH, br s, CO H), 6 . 1 (2H, s, 2- and 3-H), 
3 2 
3 . 71 ( 3 H , s , CO
2 
Me ) , 2 . 2 9 ( 2 H , m , 5 B- and 6 B- H ) , l . 51 ( 2 H , m , 5a - and 
6a -H); m/z 322 (M), 294 (M-CO), 266 (M-2CO), 238 (M-3CO); (Found: C, 44.8, 
H, 3.2 %. c
1 2
H
10 07 Fe requires C, 44.8; H, 3.1 %). 
The complex less soluble in CHC1 3 was identified as tricarbonyl( n
4
-
l ,4-dicarboxycyclohexa-l ,3-diene)iron 107 (147 mg , 32 %). The same 
compound was obtained by alkaline hydrolysis (NaOH/MeOH, RT, 2-3 h) of the 
monocarboxy complex 105 . Pale yellow crystals, decamp. > 230 °C (from 
acetone); v (KBr) 3350-2350 (br, C0
2
H), 2075, 2015, 1990, 1710 cm-1 ; 
max 
cS (d r. -Dr1lSO) 11.0 (hump, CO H), 6.1 (2H, s, 2- and 3-H), 2 .1 5 (2H, m, 
~) ? 
5B- and 6B-H), 1.49 (2H, m, ~ -H and fu-H) ; (M calculated for C
11 
H
8
0
7 
Fe 
307 . 9619, found 307 .9614). 
The al k a l i n e hydro l y s i s o f t r i ca r bony l ( n 4 - l , 6a- di me t ho xy ca r bony l -
cyclohexa-l,3-diene)iron £§_ (1.500 g, 4.44 rnmo l) gave tricarbonyl (n4 -6a -
carboxy-1-methoxycarbonylcyclohexa-1,3-diene)iron 48 (1.152 g, 81%). 
Yellow crystals, decomp. > 750°C (from CHC7 3 and light petroleum); v 
(CHC1 3 ) 3500-2300 (br, C0 2H), 2035, 1987, 1700 cm-
1
; cS (CDCl 3 ) 10.21 
1 1 6 
max 
(lH, s, C0
2
H), 6.21 (lH, d, J 2 , 3 = 4.5 Hz, 2-H), 5. 43 (lH, dd, J 3 , 4 = 
7.5 Hz, J 3 , s = 0.9 Hz, 3-H), 3.67 (3H, s, C0 2Me), 3.46 (lH, dd, J6 , SS = 
12 Hz, J6 , sa = 3.7 Hz, 6-H), 3.2 3 i lH, m, J2 , 4 = l Hz, J4 , sa = 2.8 Hz, 
Jq SB = 3.5 Hz, 4-H), 2.40 (lH, m, J sa SB = 15.5 Hz, 5B-H), l.97 (lH, 
. . ' 
m, 5a-H); m/4 322 (M), 294 (M-CO), 266 (M-2CO), 238 (M-3CO); (Found C, 
44.6; H, 3.3%. C12H1007Fe requ i res C, 44 .8; C, 3. 1%). t CH 2(a )-splitting 
pattern (section 2.3). 
Under similar conditions tricarbonyl (11 4- l ,6B-dimethoxycarbonyl-
cyclohexa-l ,3- diene)iron Q (100 mg) gave a carboxy comples (71 mg, 74%) 
which displayed spectroscopic properties identical to those of 48. A 
little amount of unreacted diester 25 was noted (tlc, IR) in the neutral 
fraction. 
Entry 74, Table 4.1; alkaline hydrolysis of 5:6: 9 mixture of tricarbonyl-
(114-l-methoxy-6B-methoxycarbonylcyclohexa-l ,3-diene)iron £2_, tricarbonyl_ 
(11 4-l-methoxy-6a-methoxycarbonylcyclohexa-l ,3-diene)iron lQ. and 
trica~bonyl(llq-l-methoxy-2-methoxycarbonylcyclohexa-l ,3-diene)iron 77 
The 5:6:9 mixture (see Experimental, chapter 3) of 29 (l-OMe, 
6S-C0 Me), 30 (l-OMe, 6a -CO Me) and 77 (l-O ~e, 2-CO Me), (70 g, 36 mmol) 2 - 2 - 2 
was subjected to alkaline hydrolysis conditions as described above. The 
tlc of neutral component (410 mg, 4%) indicated the presence of at least 
2 complexes (IR). The 1H NMR was a composite of tricarbonyl( 17L~ -2-methoxy-
1 -methoxyca rbony l eye l ohexa- 1 , 3-d i en e ) iron ]_OI 70 and t ri carbonyl ( 17 Li - l -
methoxycarbonylcyclohexa-1,3-diene)iron ll._51 in a ratio of 2:1. The 
1H NMR of the acidic product (8.5 g, 90%) was a composite (l :1) of 
l l 7 
tricarbonyl(n 4 -6 Cl -carboxy-l-methoxycyclohexa-l ,3-diene)iron ~ and 
tricarbonyl(n 4 -2-carboxy-l-methoxycyclohexa-l ,3-di ene)iron ill, which 
were separated and identified as given below. The isomer ratio (l :1) 
was estimated fro m the integration of the resonances at cS 5.88 (3-H of 
ill), 5.5 (2-H of~), 5.16 (3-H of~), 3.64 (0Me of ill) and 3.48 (0Me 
of~). Fractional recrystallization from CHC1 3 and light petroleum 
afforded 53 as less soluble yellow crystals, 3.08 g, 38%, m.p. 150-152°( 
- 1 (decamp.); vmax(CHC7 3 ) 3300-2500 (br, C0 2H), 2045, 1975, 1705 cm ; 
o( CDC1 3 ) 9.l (hump, C0 2H), 5.5 (lH, d, J ? , J = 4.5 Hz, 2-H), 5.16 (lH, dd, 
J 3 4 = 6 Hz, 3-H), 3.48 (3H, s, 0Me), 3.39 (lH, dd, J 56 6 = 10 Hz, 
' t ' 
Jsa ,s = 4 Hz, 4-H), 2.99-1.8~ (2H, m, 5-H); (M calculated for C10H1005 Fe 
265.9877, found 265.9876). CH
2
(a )-splitting pattern corresponding to 
60! < 0.35 ppm (Section 2.3). 
The second crop (2.l g, 25%) from recrystallization contained both 
53 and 112 in a ratio of l :l ( 1H NMR). 
The third crop (l. l g, 12%) displayed spectral properties consistent 
with the structure of tricarbonyl( n4 -2-carboxy-l-methoxycyclohexa-l ,3-
diene)iron ill, decamp.> l80°C, vmax(CHC1 3 ) 3300-2500 (br, C0 2H), 2050, 
1980, 1710 cm-1 ; o(CDC1 3 ) 9.0 (hump, C0 2H), 5.94 (lH, d, J3 4 = 6.5 Hz, 
' 
3-H), 3.66 (3H, s, 0Me), 3.32 _(lH, m, 4-H), 2.2-1.8 (4H, m, 5- and 6-H); 
(M calculated for c10 H10 05 Fe 265.9877, found 265.9873). 
Methylation (Me2S04 ) of the acids~ (l-0Me , fu-C02 H) and ill 
(l-0Me, 2-C02 H) gave in good yield (85-90%), tricarbonyl(n
11
-l-mcthoxy-
6a-methoxycarbonylcyclohexa-l ,3-diene)iron lQ.70 and tricarbonyl( n4 -l-
111eU10xy-2-111 tlioxycc1rbonylcyclolicxu-l , 3-c.l ic11c)iron 77 70 , rcsµcctivcly. 
Alkaline hydrolysis of lQ_ afforded in 87% yield,~ only (1H NMR). 
Similarly, ]J_ gave 1n 93% yield ill only ( 1H NMR) . 
l l 8 
Entries 15 and 16, Table 4.1; trica r bonyl( n4 - 5a ,6B-dicarboxycyclohexa-
l , 3 - di en e ) i ro n 1 l 3 
4 
The alkaline hydrolysis of tricarbonyl( n -5B,6B-di methoxycarbonyl-
cyclohexa-l ,3-diene)iron l_l (200 mg, 0.6 mmol) gave tricarbony l (n4 - 5a ,6B-
dicarboxycyclohexa-l ,3-diene)iron ill (148 mg, 80%). Pale yellow crystals, 
decamp. > 165°C (from acetone and CHC1 3); v (nujol) 3300-2600 (br, C0 2H), max 
2050 , 1965, 1700; cS (d6 -acetone) 9- 8 (hump, C0 2 H), 5.55 (2H, m, 2- and 3-H), 
3. 30 (3H, m, 1-, 4- and 6-H), 2.90 (lH, narrow m, 5-H); m/z 280 (M-C0), 252 
(M-2C0), 224 (M-3C0); (Found: C, 42 . 8; H, 2.6%. C11H807 Fe requires 
C, 42 . 9; H, 2. 6%). 
Under similar conditions tricarbonyl( n4 -5a ,6B-dimethoxycarbonyl-
cyclohexa-l ,3-diene)iron ~ gave, in 76% yield, the same dicarboxy complex 
ill (IR, 1H NMR) . 
Entries 17-20, Table 4. 1; application of alkaline hydrolysis conditions 
on blocked diene ester complexes 
Under usual hydrolysis conditions (5-10 °C, 2 h), tricarbonyl( n4 -5B-
methoxycarbonyl-5a -methylcyclohexa-l ,3-diene)iron ~, the 3:1 mixture of 
2Q and tricarbonyl (n 4 -5 s -butoxycarbon_y l-5a -rnethylcyclo hexa- l ,3-diene)-
iron fil, tricarbonyl( n4 -5a -benzyl-5B-methoxycarbonylcyclo hexa-l ,3-diene)-
iron 21_ and tricarbonyl( n4 -l ,6a -di methyl.:.6B-methoxycarbonylcyclohexa-l ,3-
diene)iron ~ were recovered unchan ge d (1H NMR). The l atter t wo compounds 
91 and 93 did not react even at 55-60 °C (6 h). 
/\lkuline hydrolysis of tri carbonyl( ri't - 51>111ethoxycc1 r bony l- 51- lllcthy l-
cyclohexa-l ,3-diene)iron 90 (250 mg, 0.86 mmol) at 55-60° C (6 h) gave 
tricarbonyl (11l1-5 f~ -carboxy-5n- rnet hylcyclohe xa -l ,3-di ene )iron ill (95 mg , 
40%). Significant amount of brownish residue was observed due to 
l l 9 
decomposition 1n the course of the reaction. Yellow crystals, m.p. l35-
136 . 50C (from CHC7
3 
and light petroleum); vma x(CHC1 3 ) 3300-2400 (br, C0 2H) , 
2050, 1985, 1700 cm- 1 ; o(CDC7
3
) 11.27 (lH, br s, C0 2H), 5.32 (2H, m, 2-
and 3-H), 3.36 (lH, dd, J
3 4 
= 6 Hz, J 2 4 = 2.5 Hz, 4-H), 3.08 (lH, rn , 
' ' 
l - H), 2. 61 (lH, dd, J
6
a ,6 B = 16 Hz, Jl , SB = 4 Hz, 66-H), 1.54 (lH, dd, 
Jl, Sa = 3 Hz, 6a-H), 1. 26 (3H, s, Me); m/z 250 (M-C0), 222 (M-2C0), 194 
(M-3C0); (Found : C, 47.6; H, 3.7%. c11H1005 Fe requires C, 47.5; H, 3.6%). 
The 3:1 mixture of 5S-methoxycarbonyl complex 22_ and 5S-n-butoxy-
carbonyl complex .ll..1_ was obtained as a minor component in one preparation 
of~ (see Experimental, chapter 3) using n-Bu 20 contaminated with n-butanol 
and trace amount of mineral acid. When this mixture (450 mg) was subjected 
to al kaline hydrolysis (55-60°C, 6h), the neutral product (52 mg, 0. 16 mmol) 
disp l ayed spectra l properties consistent with the structure of 
tricarbonyl(n4 -5B-butoxycarbonyl-5a-methylcyclohexa-l ,3-diene)iron 114, 
vrnax(CHC1
3
) 2055, 1975, 1730 cm- 1 ; (CDC1 3 ) 5. 31 (2H, m, 2- and 3-H), 4.09 
(2H, t, J
1
, 
2
, = 6 Hz, -0CH 2-), 3.40 (lH, dd, J2 4 = 2 Hz, J3 4 = 6 Hz, 
' ' ' 
4-H) , 3. 08 (lH, m, l-H), 2.60 (lH, dd, J1 GS = 3.5 Hz, J6a 66 = 16 Hz, 
' ' 
6 S -H ) , l . 7 0 - l . 3 6 ( 5 H , m , 6a - , 2 x 2 1 - an d 2 x 3 1 - H ) , l . 2 0 ( 3 H , s , Me ) , 0 . 9 4 
(3H , t, J
3
, LJ ' = 6.5 Hz, 3 x 4 1 -H); m/z 334 (M), 306 (M-C0), 278 (M-2C0), 
' 
250 (M- 3C0) . The acidic prodyct (130 mg, 0.47 mmol) was identified as 
.l..J.2 (IR, 1H NMR) . 
Tricarbonyl( n4 -5a -carboxy-5S-methoxycarbonylcyclohe xa -l ,3-diene)iron 116 
Tricarbonyl(n4 - 5a ,5B-dimethoxycarbonylcyclohexa-1 ,3-diene)iron 36 
(300 mg, 0. 89 mmol) afforded, after alkaline hydrolysis, a yellow solid 
residue (241 mg, 84%) which was ident ified as _JJ_§__. Unstab le yellow 
crystals, m.p . 98-99°C (from CHC7 3 and light petroleum); v (CHC1 3 ) max 
120 
3400-2400 (br, C0 2H), 2045, 1980, 1720 cm-
1
; o(CDC1 3 ) 11. 2 (lH, s, C02H), 
5.38 (2H, m, 2- and 3-H), 3.78 (3H, s, CO / ~e), 3.32 (lH, dd, J 3 , 4 = 6 Hz, 
J2 4 = 2 Hz, 4-H), 3.20 (lH, m, 1-H), 2.56-2.20 (2H, m, 6-H); m/z 322 (M), 
' 
294 (M-CO), 266 (M-2CO), 238 (M-3CO); (Found: C, 44.7; H, 3.2%. 
C12H10 Fe0 7 requires C, 44. 8; H, 3.1 %). 
Alkaline hydrolysis of uncomplexed diene esters 
Cyclohexa-1,3-dienecarboxyl ic acid 
A mixture of tricarbonyl(n 4-l-methoxycarbonylcyclohexa-l ,3-diene)-
iron .ll (700 mg, 2.5 rrrnol) and trimethylamine-N-oxide dihydrate (2.0 g, 
18 mmol) in N,N-dimethylacetamide (15 ml) was stirred at ambient temperature 
for 10 h. The reaction mixture was filtered through Celite, which was 
washed through with water and light petroleum. The petroleum extract of 
the diene ester was washed with water, dried (MgS0 4 ), and concentrated 
giving 200 mg (58% yield) of 1cr~de methyl cyclohexa-l ,3-dienecarboxylate163 
contaminated with trace amount of aromatic material, o (CDCl 3 ) 6.96 (lH, d, 
J = 5 Hz, 2-H), 6.06 (2H, m, 3- and 4-H), 3.73 (3H, s, C0 2Me), 2.3 (4H, 
m, methylene H). Alkaline hydrolysis (5-l0 °C, 2 h) afforded cyclohexa-
1,3-dienecarboxylic acid 140 mg, 78%; vmax(CHC1 3 ) 3500- 2500 (br , C0 2H), 
1685, 1590 cm- 1 ; o(CDC1 3 ) 12.l (s, C0 2H), 7.1 (lH, d, J = 5 Hz, 2-H), 
6.11 (2H, m, 3- and 4-H), 2.37 (4H, m, methylene H). 
Cyclohexa-l ,3-diene-l ,4-dicarboxyl ic acid 
Di 111 cthyl cyclohexa-l,3-diene-l,4-d ·icarboxyla t c (150 1119 , 0.77 m1nol), 
prepared above, was subjected to alkaline hydrolysis co nd itions (5-l0°C/ 
2 h) to give cyclohexa-l ,3- diene-1, 4-dicarboxylic aci d as t he only product 
(119 mg, 92%), m.p. 348-35l °C (lit. 134 349-35l °C); o(d6 -0MSO) 12. 0 (2 H, 
hump, C0 2H), 7.0 (2H, s, diene H), 2.46 (4H, s, me t hyl en e H). 
12 l 
l-Benzylcyclohexa-2,5-diene-l-carboxylic acid 
Methyl l-benzylcyclohexa-2,5-diene-l-carboxylate 86 (_200 mg , 0.88 
mmol) was subjected to alkaline hydrolysis (RT, 2 h) to result l-benzyl-
cyclohexa-2,5-diene-l-carboxylic acid (176 mg, 94%); v (CHC1 3 ) 3500-2400 cm-
1 
max 
(br, C0 2H), 1700 (strong), 1635 (weak), 1600 (weak); cS (CDCl 3 ) ll .89 (lH, 
s, C0 2H) , 7.19 (5H, s, C6H5 ), 5.83 (4H, s, diene H), 3.02 (2H, s, _gj_2Ph), 
2. 42 (2H, m, methylene H). 
l-Methylcyclohexa-2,5-diene-l-carboxylic acid 
Methyl l-methylcyclohexa-2,5-diene-l-carboxylate 85 gave under 
similar conditions (RT, 2 h) the corresponding acid (IR, 1H NMR) 131 
in 87% yield. 
Deuterium-labelling studies 
Treatment of tricarbonyl(n 4 -l ,66-dimethoxycarbonylcyclohexa-l ,3-diene) 
iron 25 and tricarbonyl(riLi-l -methoxycarbonylcyclohexa-l,3-dien e)iron ll 
with NaOD/020/MeOD 
Sodium (115 mg, 5 mmol) ~as added to ice-cold MeOD (5 ml) . To this 
solution was added D20 (2 ml) dropwi se at 0°C. The di ester complex ~ 
(45 mg, 0.13 mmol ) dissolved in MeOD (l ml) was added to the alkaline 
solution, and the reaction mixture was stirred magnetically at 5-l0°C 
for l h. The reaction mixture was worked up as described above. The 
11 utral co111pon nt (14 1119, 31 ~:', ) displayed IR and tlc identical to those of 
the diester 25. c5 (CDC1 3 ) 5.91 (lH, dt, J ? , J = 4.5 Hz, J 2 , 4 = l Hz, 2-H), 
5 . 31 ( 111 , d d , J 3 Li = 6 . 5 I l z , 3-H ) , 3 . 6 8 ( 311 , s , l - CO 2 Me ) , 3 . 6 3 ( 3 H , s , 
' 
6S-C0 2Me), 3.41 (lH, m, 4-H), 2.35 (ca 0.5H, 6-H), 2.26-1.5 (2H, m, Sa -
and 5S-H). Mass spectroscopic analysis indicated mono-deuterium incorporation 
122 
of 35%. These spectral properties we re consistent with a composite of 25 
and tricarbonyl( n4 -l ,6S-di methoxycarbonyl-6a-[ 2 H1 ]cyclohexa-l ,3-diene)iron 
l l l . 
The acidic component (23 mg, 55%) was identified as tricarbonyl( n4 -
6a-carboxy-l-methoxycarbonyl-6S-[2 H1 ]cyclohexa-l ,3-diene)iron .llQ_, 
- 1 C0 2H), 2035, 1987, 1700 cm ; o(CDC1 3) 9.1 v (CHC1 3) 3500-2300 (br, max 
(hump, C02H), 6.21 (lH, d, J 2 3 = 4.5 Hz, 2-H), 5.43 (lH, dd, J 3 4 = 
' ' 
7.5 Hz, 3-H), 3~67 (3H, s, C0 2Me), 3.23 (lH, m, 4-H), 2.40 (lH, dd, 
J5a 5 o = 15.5 Hz, J4 5o= 3.7 Hz, 5S-H), l.91 (lH, dd, J 4 Sa = 2.8 Hz, 
' µ ' µ ' 
5a-H). Mass spectroscopic analysis indicated 95% monodeuterium incorporation .. 
Under similar conditions with Na0D/D2 0/Me0D, tricarbonyl(n
4
-l-
methoxycarbonylcyclohexa-l ,3-diene)iron .ll was isolated unaffected (IR, 
1H NMR, MS ). No deuterium incorporation was observed even after prolonged 
conditions (RT, 6 h) . 
Acidic hydrolysis of tricarbonyl(n4 -6a -carboxy-l-methoxycarbonylcyclohexa-
l,3-diene)iron 48 
A suspension of the monocarboxy ester 48 (450 mg, l .4 mmol) in 20% 
H2S04 (50 ml) was boiled under reflux for 24 h. The reaction mixture was 
cooled and diluted with water -(ca 50 ml) . The solid material in the 
mixture was extracted into ether (ca 25 ml x 4) . The combined ether extract 
was washed several times with water, dried and concen t rated to result in a 
pale yellow solid (398 mg, 92 %) which had spectral properties consistent 
with the structure of tr i carbonyl( n4 -l ,6rx -dicarboxycyclohexa-l ,3-diene)iron 
108. Pale yellow crystals, decamp. > 2l6 °C (from acetone and CHC1 3); 
vmax(KBr) 2060, 1990, 1705 cm- 1 ; o(d5 -acetone) 6. 28 (lH, d, J 2 , 3 = 4.5 Hz, 
2-H), 5. 68 (lH, dd, J3 4 = 6.0 Hz, 3-H), 3.40 (2H, m, 4- and 6-H), 2.43 
' 
123 
+ + (lH, m, 5S-H), l.90 (lH, m, 5a -H ); m/z 308 (M), 280 (M-C0), 252 (M-2C0), 
224 (M-3C0); (Found: C, 43.0; H, 2.9%. c11H807Fe requires C, 42.9; 
H, 2.6%). fCH
2
(a )-splitting pattern (Section 2.3). 
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CHAPTER 5 
Treatment of carboxy complexes with cone . H2S04 
Tricarbonyl (n 4 -6a-carboxy-l-methoxycarbonylcyclohexa-l ,3-diene)iron 48 
and cone . H2S04 
The carboxy complex 48 (l .0 g, 3. 1 mmol) was magnetically stirred 
with cone . H2S0 4 (5 ml) at 0-5 °C for 10 min., whereafter water (2 ml) 
was added dropwise . The mixture was stirred for l h, diluted with water 
(50 ml), and extracted with ether (3 x 25 ml). Combined ether extracts 
were washed with brine and water, dried (MgS0 4 ) and concentrated to a 
ye ll ow sticky residue (690 mg). To a solution of the residue in dry 
CH 2Cl 2 (3 ml ) was added HPF6-etherate (2 ml), and the mixture was stirred 
magnetically for 15 min . The yellow crystal l ine precipitate obtained 
upon addition of dry ether, was washed several times with dry ether and 
dried in vacuo to give tricarbony l (n 5 -2-methoxycarbonylcyclohexadienylium)-
1ron hexafluorophosphate ill (6 .6 mg, 47%). vrnax(KBr) 2120, 2090, 2070, 
1720 cm- 1 ; cS (CD 3CN) 7.7 (lH, d, J 3 4 = 5-6 Hz, 3-H), 5.83 (lH, t, J 4 5 = 
' ' 
5-6 Hz, 4-H), 4 .63 (lH, d, J B = 6 Hz, l-H), 4.3 (lH, t, J = 6 Hz, 
l , G 5 , 6B 
5- H) , 3. 73 (3H , s, C0
2
Me), 3.3_~2.8 (lH, m, 6S-H), l.7 (lH, d, J 6 B, 6a = 
l 6 Hz , 6a - H ) . 
To isolate the 2- C0 2Me cation as its PF: salt, an aqueous solution 
of NH 4 PF 6 was added to the reaction mixture which was obtained after the 
treatment of 48 (400 mg) with cone. H2S04 (2 ml) . However, a yellow 
sticky residue (240 rn~) was formed. This was so·lublc in ether and indicated 
the presence of at least two compounds (tlc). The mixture was separated by 
passage through a column of silica H (type 60), using a mixture of n-hexane 
and Et 20 (30%). The compound obtained from the first eluant displayed 
spectral properties consistent with hexacarbonyl(n 4 ,n 4-l ,l 1 -dimethoxy-
carbonyl-6 ,,6 1a-oxybiscyclohexa-l ,3-diene)diiron 11 8, v (CHC1 3 ) 206C, 
- max 
1980, 1700 cm- 1 ; o(CDCl) 6.13 (2H, 
3 
dd '* J = J I 3 I = 2 , 3 2 , 
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4.5 Hz, 2- and 2 1 -H), 5.49 (2H, dd, J = 6 Hz, 3- and 3 1 -H), 4.30 (2H, 3 , 4 
dd '* J 6 I 5 = 10-11 Hz, 6- and 6 
1 
-H) , 3. 71 ( 3H , s , CO 
2
Me) , 3. 6 5 ( 3H , s , 
' CO Me'), 3.02 (2H, m, 4- and 4 1 -H), 2.26 (2H, m, 5B- and 5B'-H), 1.64 (2H, 
2 
m, 5a- and 5a '-H), *the double doublets at o 6.13 and 4.30 arise from the 
overlap of the signals due to diastereornetrically non-equivalent protons; 
m/z 278, 276, 266, 264, 250, 248, 238, 236, 208. 
The less mobile compound was identified as tricarbonyl (n4-6a -hydroxy-
1-methoxycarbonylcyclohexa-l ,3-diene)iron 49, v a (CHCl ) 3000 (OH), 2050, 
- m X 3 
1990, 1697 cm- 1 ; 6(CDCl ) 6.18 (lH, d, J = 4.5 Hz, 2-H), 5.67 (lH, 
3 2 , 3 
3-H), 4.77 (lH, dd, J r2 = 10-ll Hz, J = 3.5-4.0 Hz, 
6 , 5P 6,5a dd J = 6 Hz, ' 3 4 
' 
6-H), 3.72 (3H, s, CO Me), 3.28 (lH, br s, DO exchange, OH), 3.04 (lH, m, 
t 2 _ _ 2 t 
4-H), 2.48 (lH, m, J B- 4 Hz, J B - 15 Hz, 5S-H), l.62 (lH, m, 
L~ , s Sa , 5 
5a -H ) ; m I z 2 9 4 ( M ) , 2 6 6 ( M- CO ) , 2 3 8 ( M- 2 CO ) , 21 0 ( M- 3 CO ) , l 9 2 ( M-3 CO -H O ) . 
2 
f CH
2
(a)-splitting pattern (Section 2.3.l). 
Tricarbonyl( n4 -5a-carboxycyclohexa-l ,3-diene)iron 46 and cone. H2S04 
The carboxy complex 46 (150 mg , 0.6 rnmo l) was reacted with cone. 
H2S0 4 as above. After anion exchange with aqueous NH 4 PF 6 , afforded 
tricarbonyl( n5-cyclohexadienyl4um)iron hexafluorophosphate ± (118 mg, 56%) 
which was identified by use of an authentic samp le14 (1H NMR) . 
A 3:1 mixture of tricarbonyl (nq -5G-carboxycyclohexa -l , 3-diene)iron 64 and 
4 tricarbonyl( n -5n-carboxycyclohexa-l ,3-di ene) iron 46 with cone. H2S04 
The 3:l mixture of 64 and 46 (220 mg, 0.8 mno l) wa s treated with cold 
cone. ll 2S0q as described above . The brownish sticky residue was washed 
several times with Et
2
0 (ca 100 ml). The ether washin gs were co mb ined and 
washed with brine and water, dried (MgS0 4 ) and concentrated to give a 
126 
yellow solid (61 mg, 28%) . The compound was identified as the 5B-carboxy 
complex M (IR, 1H NMR) . 
Tricarbonyl( ni~ -5B-carboxy-5 i -methylcyclohexa-l ,3-diene)iron l__Jj_ and 
cone . H2S04 
The carboxy complex l__Jj_ (100 mg, 0. 4 mmol) was treated with cold 
cone . H
2
S04 acid for 30 min. The work-up as above afforded the unreacted 
acid (65 mg, 65%) . 
Tricarbonyl(n 5 -6a -carboxycyclohexadienylium)iron hexafluorophosphate 120 
Tricarbonyl(n 4 -6a -carboxy-l-methoxycyclohexa-1 ,3-diene)iron 2l 
(150 mg , 0. 5 mmol) was reacted with cone . H
2
S0
4 
(1 ml) at 0-5°C for 10 min. 
Anion exchange with aqueous NH 4 PF6 as above afforded the crystalline 6a-
carboxy salt 120 (131 mg, 63%); v (KBr) 3500-2500 (br, CO H), 2120, 
max 2 
2070 , 1720 cm- 1 ; o(CD 3CN) 6.94 (lH, t, J = 6 Hz, 3-H), 5.95 (2H, t, 
J = 7 Hz, 2- and 4-H), 4. 39 (2H, t, J = 7 Hz, 1- and 5-H), 3.83 (lH, t, 
J = 7 Hz, 6- H) . 
Formation of alcohols from ester complexes 
General procedure for reaction of ester ~omplexes with Meli and MeMgBr 
~etalalkyl reagent (Meli or MeMgBr, 3 equivalents or as specified 
below) was added dropwise by syringe techni ques to a magnetically stirred 
solution of the ester complex in dry CH 2 C1 2 or Et 20 ( a 10 ml for 1 mmol 
of the con1plex) at -78°C . The reaction mixture was sti r red for furt her 
2 h, and quenched with dil . HCl (10%). The product was extracted in the 
same solvent (CH 2C1 2 or Et20; 2 x volume used in the r eaction). The 
127 
organic layer was washed with water, dried (MgS04 ) and concentrated under 
reduced pressure. The resulting residue was purified by passage through 
a s ho rt col u mn o f bas i c a 1 um i n a ( act i v i t y 4 ) , us i n g a l : 1 mi x tu re o f Et 2 0 
and light petroleum. 
Tricarbonyl[n4 -1-(1 '-hydroxyisopropyl)cyclohexa-l ,3-diene]iron ill and 
tri carbonyl (n4 - 1-acetyl cycl ohexa-1, 3-di ene) iron 125 
Tricarbonyl(n4 -l-methoxycarbonylcyclohexa-l ,3-diene)iron ll_ (l .0 g, 
3.6 mmol) was reacted with Meli (l .4 M in ether, 7. 7 ml) 1n CH 2 Cl 2 (35 ml) 
at -78°C to give a homogeneous (tlc) yellow residue (1 .0 g, 100%). Re-
crysta lli zation from li9ht petroleum afforded yellow crystals of 126 (710 mg, 
91 %), m.p. 60-61°C (lit. 60 63-63.5°C); v (CHC1 3 ) 3620 (OH), 2040, 1970 max 
o(CDC1 3 ) 5.69 (lH, d, J 2 3 = 4.5 Hz, 2-H), 5.16 (lH, dd, J 3 4 = 6 Hz, 
' ' 
3-H), 3.04 (lH, m, 4-H), 1.82-1.45 (4H, m, 5- and 6-H), 1.47 (3H, s, Me), 
1.37 (3H, s, Me), 1.30 (lH, s, 020 exchange, OH); m/z 278 (M), 250 (M-CO), 
232 (M-CO-H 0), 222 (M-2CO), 196 (M-3CO). 
2 
The use of less ammount of f•lel i (2 equivalents) with the 1-C02 Me 
complex ll (500 mg) in Et 20 at -35 °C for 2 h resulted 1n a mixture of 
two compounds (tlc). The less mobile fraction from a column of silica H 
(type 60), using petroleum and- Et20 (10%) gave the hydroxy complex 126 
(315 ing, 63%). The first eluant gave a yellow oil (128 mg, 27%), the 
spectroscopic properties of whjch were consi s tent with the structure of 
tricarbonyl(n 4 -l-acetylcyclohexa-1 ,3-diene)iron 125, 60 v (fil m) 2050, 
- max 
1985, 1675 cm- 1 ; o(CDC1 3 ) 6.09 (lH, d, J 2 , 3 = 4.5 Hz, 2-H), 5.44 (lH, dd, 
J 3 4 = 6 Hz , 3-H), 3.45 (lH, m, 4-H), 2. 35-1.4 (m, methylene H), 2.25 
' 
(3H, s, Me); m/z 262 (M), 234 (M-CO), 206 (M-2CO), 178 (M-3CO), 176 (M-
3C0-2H). 
- 1 
cm ; 
128 
Tri carbonyl [n4-2-(1 1 -hydroxyisopropyl )cyclohexa-1,3-diene]iron 127 and 
tricarbonyl(n 4-2-acetylcyclohexa-l ,3-diene)iron .:!12_ 
Tricarbonyl( n4-2- methoxycarbonylcyclohexa -l ,3-diene)i ron ]I (500 mg , 
1. 8 mmol) was reacted with MeMgBr (l.5 Min ether, 3.6 ml ) in ether (20 ml) 
at -78°C for 2 h to give 127 as a yellow solid (450 mg, 90%). M. p. 
53-55 °( (from light petroleum); v (CHC1 3) 3620 (OH), 2040, 1970 cm-
1
; 
max 
cS (CDCl
3
) 5.33 (lH, dd, J
3 4 
= 6 Hz, J1 3 ::: 2 Hz, 3-H), 3.47 (lH, m, 4-H), 
, ' 
3 . 17 (lH, m, 1-H), 1.8-1.2 (m, methy lene H), 1 . 57 (s, Me), 1.53 (s, Me); 
m/2 278 (M), 250 (M-CO), 222 (M-2CO), 194 (M-3CO), 176 (M-3CO-H 0), 174 
2 
( -1-3CO-H
2
0-2H); (Found: C, 51.4; H, 5.2%. c12H1404 Fe requires C, 51.8; 
H, 5. 0%) . 
The use of less amount of MeMgBr (2 equivalents) resulted in a mixture 
of two complexes, the less mobile (tlc) being the 2-(1 1 -hydroxyisopropyl) 
complex 127. The other compound, isolated as a yellow oil, was identified 
as tricarbonyl( n4 -2-acetylcyclohexa-1 ,3-diene)iron 129, v (CHC1 3 ) 2050, - max 
-1 1980, 1680 cm ; cS (CDCl 3 ) 6.00 (lH, dd, J 3 , 4 = 6 Hz, J1 , 3 = 2 Hz, 3-H), 
3.73 (lH, m, 1-H), 3.50 (lH, m, 4-H), 2 . 40 (3H, s, Me), l.8-1.0 (4H, m, 
5- and 6-H); m/z 262 (M), 234 (M-CO), 206 (M-2CO), 178 (M-3CO), 176 (M-3C0-
2H) . 
.-
4 
Tri ca rb on y l [ n - l - ( l 1 - hydroxy i sop r o py l ) - 2 - met ho xy c y c l oh ex a - l , 3- di en e J i ro n 
128 
Tricarbonyl( n4 -2- rnethoxy-1-methoxycarbonylcyclohexa-l ,3-diene)iron 
102 70 (l. O g, 3 . 25 11111101) was reacted wit h Meli (l.4 Min ether, 6 .9 ml) 
in CH
2
Cl
2 
(30 ml) at -78°C for 2 h to give a viscous yellow oil (l .O g, 
100%). Recrystal lization from light petroleum afforded yellow crystals 
l 
(691 mg, 69%), m.p. 85-87°C; v (CHC7 3 ) 3555 (OH), 2040, 1970 cm , max 
cS (CDCl
3
) 4 . 93 (lH, d, J
3 4 
= 7 Hz, 3- H), 3.72 (3H, s, OMe), 3.46 (lH, 
' 
129 
br s, DO exchange, OH), 2.60 (lH, dt, J = 3 Hz, 4-H), l. 86-1.54 (m, 
2 4 , 5 
methylene H), 1.44 (6H, s, 2 x Me); (M calculated for c
13
H
16
0
5
Fe 308.0347, 
found 308 .0348; found : C, 51.4; H, 5.3%. Requires C, 50. 7; H, 5.2%). 
Tri carbonyl [n 4-l-(l 1 -hydroxyisopropyl)-5a-[ 2H1]cyclohexa-l ,3-diene]iron 
130 
Tricarbonyl(n 5-l-methoxycarbonylcyclohexadienylium)iron hexafluoro-
phosphate i (l . 0 g, 2. 37 mol) was added to a suspension of NaBD
4 
(126 mg, 
3.0 mmol, D > 95%, Merck) in MeCN (30 ml) at 0°C. The mixture was stirred 
magnetically for l h, diluted with water (ca 200 ml), and extracted with 
light petroleum . The petroleum extract was washed with brine and water, 
dried (MgS0 4 ) and concentrated to obtain a viscous yellow oil (574 mg, 87%). 
The compound was identified as tricarbonyl( n4 -l-methoxycarbonyl-5a-[ 2H1]-
cyclohexa-1,3-diene)iron 137, v (film) 2060, 1990, 
- max 
1700 cm- 1 ; o(CDC1
3
) 
6.05 (lH, d, J = 4 Hz, 2-H), 5.35 (lH, dd, J 
2 ,3 3,4 = 6.5-7.0 Hz, 3-H), 3.68 
(3H, s, C0 2Me), 3.34 (lH, ddd, J = 3.5 Hz, J = 1.5 Hz, 4-H), 2.19 (lH, 4, 5 
dd, J 6a , SB = 14.5 Hz, J 5 , 66 = 12.0 Hz, 6B-H), 1.88 (lH, dm, 5-H), 1.4 (lH, 
dm, 6a-H); m/z 279 (M), 251 (M-CO), 223 (M-2CO), 197 (M-3CO); %0 was 
calculated (MS) to be > 95%. 
The 5a-deuterio ester 130 (500 mg, l .8 mmol) was reacted with Meli 
.-
(l.4 M 1n ether, 3.85 ml) in CH 2Cl 2 (20 ml) at -78°C for 2 h to obtain a 
yellow semi-solid (498 mg, 99%). Recryst~llization from light petroleum 
afforded yellow crystals (418 mg, 82%), m.p. 62-63.5 °C. The compound was 
identified as tricarbonyl [ n'f _ 1-(l '-hydroxyisopropyl )-5a-[ 2H1]cyclohexa-l ,3-
di c n e ) i r on l 3 0 , \J ( C II Cl ) 3 5 5 0 ( Ol 1 ) , 2 0 ~ 0 , l 9 7 0 c Ill - 1 ; l\ ( C DC l , > ) 5 . 6 9 
- 111ax J 0 
(lH, d, J 2 3 = 4.5-5.0 Hz, 2-H), 5.16 (lH, dd, J 3 4 = 6.0 Hz, 3-H), 3. 04 
, ' 
(lH, ddd, J 1 L = 2.5 Hz, J = l Hz, 4-H), l.82-1.45 (3H, m, 5- and 6-H), I ' .J 
1.47 (3H, s, Me), 1.37 (3H, s, Me), 1.30 (lH, s, 0
2
0 exchange, OH); 
m/z 279 (M), 251 (M -CO) , 233 (M-CO-H
2
0) , 223 (M-2CO), 197 (M-3CO); %0 
was calculated to be> 95%. 
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Reaction of tricarbonyl ( nL~ - 5a , 5B-di rnethoxycarbonylcyclohexa-l ,3-diene)-
i ran 1.§_ with Meli and MeMgBr 
The diester complex 1.§_ (l.O g, 2.98 mmol) was reacted with Meli 
(l.4 Min ether, 6.4 ml) in CH 2 Cl 2 (30 ml) at -78°C for 2 h to give a 
viscous yellow oil (842 mg) comprising of at least five compounds (tlc, 
Rf= 0. 70, 0.52, 0.43, 0.29, 0.08). The mixture was separated by tlc 
(ca 200 mg on each plate), using al :l mixture of Et20 and light petroleum. 
The spectral properties (1H NMR , ~S) of the fraction (172 mg) 
corresponding to Rf= 0.70, were consistent with a mixture of tricarbonyl-
(n4-5S-methoxycarbonylcyclohexa-l ,3-diene)iron '[}_ (20% yield, calculated 
from 1H NMR) and methylbenzoate (2% yield). 
The band at Rf= 0.52 gave a yellow solid (332 mg, 35%) which 
displayed the spectral properties consistent with tricarbonyl( n4-5S-acetyl-
5a -methoxycarbonylcyclohexa-l ,3-diene)iron 132, m.p . 90-92 °C (first 
transition), ll5-ll7 °C (complete melting); v (CHC1 3 ) 2040, 1975, 1730, max 
- 1 ) l 71 0 cm ; c5 ( CDC l 3 ) 5 . 3 8 ( 2 H , m , 2 - an d 3-H ) , 3 . 6 2 ( 3 H , s ,_ CO 2 Me , 3 . 2 6 
( 2 H , m , l - an d 4 -H ) , 2 . 3 4 ( 2 H , - m , 6 -H ) , 2 . 0 7 ( 3 H , s , COM e ) ; ( F o u n d : C , 
48.8; H, 3.8%. c13H1 206 Fe requires C, 48.8; H, 3. 8%). 
The third band (Rf= 0.43) gave a yellow solid (43 mg, 4%) which 
was i den ti fi ed as tri carbonyl [n 4 -56-( l '-hydroxyi sopropyl )-5a - rnethoxy-
ca rbonyl cyc l ohexa- l, 3-di ene Jiron 133, m. p. 69-71 °C (from light petroleum), 
vmax(CHC1 3 ) 3560-3420 (br, OH), 2050, 1980, 1715, 1690 cm-
1
; c5 (CDC1 3 ) 
5.29 (2H, rn, 2- and 3-H), 3.63 (3H, s, CO ') Me), 3.36 (lH, m, l-H), 3.20 
(lH, dd, J 3 , 4 = 7 Hz, J 2 , 4 = 1 . 5 Hz, 4-H), 3.53 (lH, dd, J 6a ,6 S = 16 Hz, 
l 31 
J = 3.5 Hz, 6B-H), 2.02 (lH, dd, J = 3.0 Hz, 6a-H), 1.19 (3H, 
3 ,4 6 , 1 
s, Me), 1.06 (3H, s, Me); (M-CO calculated for C H O Fe 308.0347, found 
13 16 5 
308.0348). 
The fourth band (Rf= 0.29) afforded a yellow oil (74 mg , 7%) 
which was i den ti fi ed as tri carbonyl [ ri 4-5a-( l 1 -hydroxyi sopropyl ) -5 S-
methoxyca rbonyl cycl ohexa-1, 3-di ene]i ron 134, v (CHCl ) 3550-3400 (br, 
- max 3 
OH), 2050, 1980, 1720 cm- 1 ; o(CDCl ) 5.40 (2H, m, 2- and 3-H), 3.80 (3H, 
3 
s, CO Me), 3.28 (lH, dd, J = 7 Hz, J = 1.5 Hz, 4-H), 3.16 (lH, m, 
2 3 ,4 2 ,4 
1-H), 2.88 (lH, hump, OH), 2.54 (lH, dd, J O = 16 Hz, J B = 4 Hz, 6a , 6µ 6 , l 
6S-H), l .93 (lH, dd, J = 2 Hz, 6a -H), 1.06 (6H, s, 2 x Me); m/z 308 6a ,l 
(M-CO), 280 (M-2CO), 252 (M-3CO). 
The least mobile band (Rf= 0.08) gave a yellow oil (65 mg, 7%) and 
was identified as tricarbonyl(ri 4 -5a -hydroxy-l-methoxycarbonylcyclohexa-
l ,3-diene)iron 135, 51 v (CHCl) 3350 (OH), 2060, 1980, 1710 cm- 1 ; 0 (CDC1 3 ) - max 3 
6.25 (lH, d, J 2 , 3 = 4 Hz, 2-H), 5.48 (lH , dd, J = 6 Hz, 3-H), 4.26 (lH, 3 , 4 
dt, J
5 6 
= 10 Hz, J
4 5 
= 3 Hz, 5-H), 3.68 (3H, s, C0
2
Me), 3.22 (lH, dd, 
' ' 
4-H), 2.0 (lH, br s, DO exchange, OH), 2.84 (lH, dd, J B = 16 Hz, 2 6a,6 
6(5 -H), 1.36 (lH, dd, J
6
a,s = 3 Hz, 6a -H); m/z 294 (M), 266 (M-CO), 238 
(M-2CO), 210 (M-3CO), 192 (M-3CO-H 20). 
With MeMgBr (1.0 Min ether, 4.5 ml), the di ester 1§_ (500 mg) gave 
under reaction conditions as above, a viscous yellow oil (497 mg ) which 
indicated the presence of the components ·discussed above (Rf= 0.70, 0.52, 
0.43, 0.29 and 0.08). The products corresponding to Rf= 0 .70, 0 . 52 and 0.08 
were of very low concentration (tlc) and, therefore, were not isolated. 
The third band (l~f = 0.43) ga ve the 5G-(l'-hydroxyisopropyl) co111plex 133 
(215 mg, 43%). Similarly the band at Rf= 0 .2 9 gave the 5a - (l ' - hydroxy-
isopropyl) complex 134 (110 rng, 22 %) . 
132 
Formation of cations by dehydroxylation of alcohols 
Reaction of tricarbonyl [n4 - 1-(l '-hydroxyisopropyl )cyclohexa- l ,3-diene]iron 
EB 8 126 with HBF4 and Ph3C PF6 
The 1-(l'-hydroxymethyl) complex 126 (150 mg, 0.54 mmol) in prop1on1c 
anhydride (0.2 ml) was treated with HBF
4
-e therate (0.5 ml) at 0°C. The 
mixture was stirred magnetically for 30 min . A 2:1 mixture of Et
2
0 and 
light petroleum was added, and the yellow precipitate was washed several 
times with the same solvent mixture. The yellow solid was dissolved in a 
minimum amount of water , to which was added an aqueous solution of NH PF . 
4 6 
The resulting precipitate was filtered, air-dried, dissolved in nitromethane, 
and re-precipitated by the addition of Et 20 and light petroleum (2:l). 
The solvent was removed by filtration and the yellow solid was dried in vacuo 
to give tricarbonyl(n 5-l-isopropylcyclohexadienylium)iron hexafluorophosphate 
136 (187 mg, 80%), v (KBr) 2720, 2080 cm- 1 ; 8( CD CN) 6.98 (lH, t, J = 
- max 3 
5-6 Hz, 3-H), 5.85 (lH, t, J = 5-6 Hz, 4-H), 5.48 (lH, d, J = 6 Hz, 2-H), 
4. l 8 ( l H, t of multiplets, J = J = 6 Hz J = l Hz, 5-H), 
4,5 5 , 6B ' 
2.92 ( l H, dd, J = 16 6a , sB Hz, 6B-H), 2.4-2 .l (2H, m, 6B-H and C_tj_Me 2 ), 1.08, 
0.96 (3H, 3H, d, d, J = 7 Hz, CHMe 2 ) . 
To a solution of the hydroxy complex 726 (278 mg, l .00 mmol) in 
--
MeCN (l ml) was filtered a s us pens 1 on of Ph
3
CEBPF: (400 mg, l .03 mmo l) 
and MgC0
3 
(ca 25 mg) in MeCN (2 ml). The· mixture was stirred at ambient 
temperature for 30 min. A 2:7 mixture of Et
2
0 and li ght petroleum was 
added to precipitate the yellow cationic complex . The dissolution of the 
yellow solid in nitro111ethanc and re-precip~tation with Et
2
0 and light 
petroleum gave, after drying in vacuo , a yellow solid (240 mg , 57%). The 
salt displayed spectral properties (IR, 1H MR) identical to those of the 
l-isopropyl cation 736. 
1 33 
4 Reaction of tricarbonyl[n -1-(1 '-hydroxyisopropyl)cyclohexa-1 ,3-diene]iron 
126 with trifluoroacetic acid. Tricarbonyl(n 4 -5a-cyano-5B-isopropylcyclohexa-
1 ,3-diene)iron 140 and tricarbonyl( n4 -5a -cyano-1-is0pro pylcyclohexa-l ,3-
d i en e) iron 141 
The hydroxy complex 126 (230 mg) was treated with trifluoroacetic 
acid (1 .5 ml) at 0°C for 30 min . The resulting cationic product was 
e . isolated as the PF6 salt by the same procedure as that for 126 with HBFL~· 
Yield 169 mg, 48%. vmax(KBr) 2120, 2080 cm-1 ; o(CD3CN) 6.98 (12 mm, t, 
J = 5-6 Hz, 3-H of 136 and?), 5.85 (17 mm, m, 4-H of 136 and?), 5.48 
(8 . 5 mm, d, J = 6 Hz, 2-H of 136), 4.18 (15-17 mm, m, 5-H of 136 and?), 
3.62 (5 mm , s, ?), 3.16, 2.92 (16 mm, dd, dd, J= 6 Hz, J = 16 Hz,? and 
60-H of 136), 2.4-2.l (28 mm, m, 6a-H and C!j_Me 2 of 136 and?), 1.51 
( l 2 - l 3 111111, s , ? ) , l . 2 0 ( 1 2 - l 3 mm , s , ? ) , 1 . 0 8 , 0 . 9 6 ( 2 6 mm, 2 6 mm, d , d , 
J = 7 Hz, CHMe 2 of 136). 
To a solution of the above mixture of cationic complexes (169 mg) 
1n MeCN (2 ml) was added an aqueous solution of KCN (200 rng) in 0.5 ml 
water. The reaction mixture was stirred for 30 min, diluted with water 
( a 50 ml), and the neutral complex was extracted with light petroleum . 
Petroleum extract was washed with brine and water, dried (MgS04 ) and 
concentrated to give a viscous yellow oil (114 mg , 60%). Separation on tlc 
(light petroleum : ether : : 4:1) afforded two compounds (Rf= 0.37, 0.09). 
The more mob il e complex was identified as tricarbonyl( n4 -:xx-cyano-5B-
isopropylcyclohexa-l ,3-diene)iron 140, v (CHC7 3 ) 2220, 2060, 1980 cm-
1
; 
- max 
t) (CDC1
3
) 5.34 (211, m, 2- and 3-H), 2.94 (2H, m, 1- and 4-H), 2.25 (lH, 
d d , J = l 5 , l 2 Hz , 6B -H ) , l . 8 5 , l . 7 4 ( 2 H , hep t et , J = o . 5- 7 . 0 H z , d d , 
J = 15, 3.5 llz C!j_Me
2 
and &"'t -H), 1.12 (6H, d, J = 6.5-7.0 Hz, CHMe2 ); 
(M calculated for c13H1303NFe 287.0245, found 287.0241). The compound 
l 34 
corresponding to Rf= 0.09 was identified as tricarbonyl( n4 -5a -cyano-l-
isopropylcyclohexa-l ,3-diene)iron .lil_, m.p. l35-l36.5 °C (from light 
petroleum); v (CHC1
3
) 2220, 2055, 1980 cm-1 ; cS (CDCl ) 5.86 (lH, d, 
max 3 
J
2
,
3 
= 4.5 Hz, 2-H), 5.22 (lH, dd, J 3 , 4 = 6 Hz, 3-H), 2.98, 2.90 (2H, 
one half of the dt buried under them at c5 2.90, 5-H and 4-H), 2.24 (lH, 
dd, J5 r.2 6 r.2 = ll-12 Hz, J B = 15 Hz, 6S-H), l.74 (lH, dd, J56 6 = µ , µ 6a , 6 , a 
3 . 5 H z , 6a -H ) , l . 4 3 , l . 3 9 ( 7 H , s , s , CH Me 2 ) ; ( M f o u n d 2 8 7 . 0 2 4 3 ) . Th e 
isomer ratio of 140 and 141 was calculated to be 3:1 from the 1H NMR of 
the mixture prior to separation. 
The reaction of the l-isopropyl cation 136 with KCN afforded a 
similar mixture of 140 and 141 in 79% yield . 
Tricarbonyl(n 5-l-isopropyl- 5-[ 2H1]cyclohexadienylium)iron hexafluoro-
phosphate 145 
Tri carbonyl [ n 4 - 1 - ( l 1 - hyd roxyi so pro pyl - Sa - [ 2H 1 J eye l ohexa- l 3 3-
di ene] iron 130 (150 mg) in propionic anhydride (0.2 ml) was treated with 
HBF4 -etherate (0.5 ml) at 0°C. The mixture was worked up as above to 
obtain 145 (151 mg, 64%) , v (KBr) 2120, 2080 
- max 
cm-
1 
c5 (CD 3CN) 6.98 (lH, 
t, J = 5-6 Hz, 3-H), 5.85 (lH, d, J 3 4 = 5 Hz, 4-H), 5.48 (lH, d, 
' 
J
2
,
3 
= 6 Hz, 2-H), 2.92 (lH, d, J 6a , 6S = 16 Hz, 6S-H), 2.4-2.l (2H, m, 
6a -H and C_!j_Me 2), 1.08, 0.96 (3~, 3H, d, d, J = 7 Hz, CHMe 2 ). 
The reaction of 130 (150 mg) with Ph 3CEBPF: (200 mg) in MeCN (l ml) 
afforded 145 (115 mg, 49%). 
l 35 
Conversion of tricarbonyl( n5-cyclohexadienylium)iron hexafluorophosphate 
i to tricarbonyl[n 5-l-(l '-phenylethyl)cyclohexadienylium]iron hexafluoro-
5 phosphate lli and tricarbonyl( n -1-isopropylcyclohexadienylium)iron 
hexafluorophosphate 136 
To a stirred solution of the unsubstituted salt i_ (4.0 g, ll mmol) 
1n CH
3
CN (30 ml), an aqueous solution of KCN (l gin ca 3 ml of H20) was 
added . After 30 min . of further stirring, the mixture was diluted with 
water (ca 300 ml). Petroleum extract of the neutral product was washed 
with brine and water, dried (MgS04) and concentrated to give tricarbonyl-
(n4-5a -cyanocyclohexa-l ,3- diene)iron _1114 as pale yellow crystals (2.4 g, 
93%) , m. p. 87-89°C (lit] 4 88-89 °C) . 
To a stirred solution of the cyano complex 43 (l .0 g, 4.2 mmol) in 
dry ether ( 50 ml) was added PhMgB r ( l . 16 M in ether, 18. 2 ml) dropwi se 
at room temperature. The reaction mixture was stirred for a further 30 
min ., quenched with 10% HCl (10 ml), and diluted with water (ca 200 ml). 
The product was extracted into light petroleum . Combined petroleum 
extracts were washed with brine and water, dried (MgS04) and concentrated. 
Slightly reddish yellow viscous residue was eluted through a short column 
of basic alumina (activity 4), using light petroleum and ether (10%, 
v:v). The concentration of th~ eluant gave a homogeneous yellow oil 
(1 .14 g, 83%) which was identified as tricarbonyl(n4- 5a -benzoylcyclohexa-
1 ,3-diene)iron 148, v (CHC7 3 ) 2050, 7975, 1945, 1690, 7600, 1580 cm-
1
; 
- max 
c5 (CDC1
3
) 7.9 (2H, M, aromatic H), 7.48 (3H, rn, aromatic H), 6.42 (2H, 111, 
2- and 3-H), 3.93 (lH, dt, J = 10.4 Hz, 5-H), 3.26 (lH, m, 4-H), 3.08 
J: (lH , m, l-H), 2. 3-l.8 (2H, m, 1 6-H); (M calculated for C16 H12 Fe04 324.0085, 
l found 324 .0087); CH
2
(a )-splittin g patte rn (Section 2.3.l). 
l 36 
The 5a-C0Ph complex 148 (350 mg , l.l mmol) was reacted with MeMgBr 
(l.5 Min ether, 2.0 ml) in ether (15 ml) at -78°C for 2 h. After usual 
work-up and passage through basic alumina (activity 4), using a l :1 
mixture of light petroleum and ether, a viscous yellow oil was obtained, 
323 mg, 91 %. The compound was identified as tricarbonyl[n 4-5a-(l'-hydroxy-
l'-phenylethyl)cyclohexa-l,3-diene]iron 147. v (CHCl) 3560-3400 (br, OH), 
max 3 
2020, 1960, 1595 cm- 1 ; cS(CDCl 
3
) 7.22 (5H, m, aromatic H), 5.26 (2H, m, 
-i-2- and 3-H), 2.63 (3H, m, 1-, 4- and 5-H), l.96-1.3 (m, 0
2
0 exchange at 
cS l.76, 6-H and OH), 1.46, 1.38 (3H, s, s, Me); m/z 340 (M), 312 (M-CO), 
284 (M-2CO), 256 (M-3CO); (M-CO calculated for c
1 6
H
1 6
0
3
Fe 312.0449, found 
312.0455). fCH
2
(a )-splitting pattern was discernible after D
2
0 exchange. 
The ratio of the peak heights at o l .46 and 1.38 was 3:8. 
The analogous treatment of 5a -C0Ph complex 148 (320 mg) with Meli 
(1.4 M, 1.5 ml) in CH
2
Cl
2 
(10 ml) at -78°C for 2 h afforded the same 
alcohol 147 (300 mg, 88%). The ratio of the peak heights of the 1H NMR 
resonances at o 1.46 and l .38 was l :4. 
Th e a l co h o l l 4 7 ( 1 0 0 mg , 0 . 3 mm o l ) 1 n p r o p 1 o n 1 c a n h yd r i de ( 0 . 3- 0 . 5 m 1 ) 
was reacted with HBF4 -etherate (0.5 ml) . Anion exchange with aqueous 
NH 4 PF 6 gave tricarbonyl [n
5
-l-(l '-phenyl ethyl )cyclo hexadienylium]iron 
hexafluorophosphate 149 (103 mg, 73%). v (KBr) 2115, 2065, 1600 cm- 1 ; 
- max 
--
cS (CD 3 CN) 7.3 (5H, m, aromatic H), 6.92 (lH, t, J = 6 Hz, 3-H), 5.82 (lH, 
t, J = 6 Hz, 4-H), 5.31 (lH, d, J = 5.6 Ht, 2-H), 4.20 (lH, t, J = 6 Hz, 
5-H), 3.53 (lH, q, J = 7 Hz, Cli_MePh), 3.03 (lH, dd, J = 16.6 Hz, 6 -H), 
2.28 (lH, d, J = 16 Hz, 6 -H), 1.41, 1.24 (3H, d, d, J = 7 Hz, Me) . The 
rat i o o f th e i n t e g r a ti on o f th e res on an c es a t l) l . 4 l an d l . 2 4 w a s 2 3 : 5 . 
The reaction of the alcohol 147 with TFA (and then, NH 4 PF6 ) or 
Ph 3C
61 PF~ gave the same salt 149 in 62 % and 55% yield, respectively. The 
1H NMR spectrum of 147 in TFA indicated the quantitative conversion of the 
alochol 147 to the dienyl cation 149. 
Analogously, the reaction of the cyano complex 43 with MeMgBr 
(5 equivalents) gave tricarbonyl( n4 -5a -acetylcyclohexa-l ,3-diene)iron 
7 37 
62 35a in 78% yield. The reaction of the acetyl complex g with MeMgBr 
( l . 5- 2 . 0 e q u i v a l en ts ) a ff o rd e d tr i ca r bony l [ r/~ -Sa - ( l 1 - hydroxy i sop ro p y l ) -
cyclohexa-l,3-diene]iron 146144 in 84% yield. vrnax(CHC1 3 ) 3350 (OH), 2050, 
1980 cm-1 ; cS (CDCl 3 ) 5.38 (2H, m, 2- and 3-H), 3.11 (2H, m, l- and 4-H), 
2.0 (lH, s, 020 exchange, OH), l. 87 (lH, m, J = 10 Hz, 5-H), l.7-1.6 (2H, 
m, 6-H), l. l (6H, s, 2 x Me); m/z 278 (M), 250 (M-CO), 222 (M-2CO), 
196 (M-3CO), 178 (M-3CO-H 20). 
The reaction of the 5a -(l '-hydroxyisopropyl) complex 146 with either 
HBF4 -etherate (procedure as above) or Ph 3CffiPF: afforded the same cation 
(1H NMR), tricarbonyl(n 5-l-isopropylcyclohexa-l ,3-dienylium) iron hexafluoro-
phosphate 136 (yield 45-60%). 
--
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CHAPTER 6 
General procedure for alkylation of tricarbonylcyclohexadienyliron salts 
with lithiumalkyls 
Lithiumalkyl[l-1 .2 equivalents; in pentane or hexane except for Meli 
(in ether)] was added dropwise to a stirred suspension of the cationic 
salt (l equivalent) in dry CH Cl (10 ml for 1 mmol of the salt) at -78°C. 
2 2 
When the yellow suspension turned to a clear or turbid solution (usually 
within 5-45 min.), a solution of 10% aqueous HCl (ca 2 ml) was added to 
destroy any excess lithiumalkyl. Light petroleum (2 x volume of CH Cl ) 
2 2 
was added and the organic layer washed with water, dried (MgS0 ) and 
4 
concentrated . The crude product was purified by eluting through a short 
column of basic alumina (grade 4) with light petroleum. The yields of the 
isolated products are given in Table 6.1. 
Spectral data of the adducts from lithiumalkyls (Meli, nBuli, 
iPrli and tBuli and tricarbonyl(n 5-cyclohexadienylium)iron hexafluorophos-
phate i_, tricarbonyl(n 5-2-methylcyclohexadienylium)iron hexafluorophosphate 
152 and tricarbonyl(n 5-2-methoxycyclohexadienylium)iron hexafluorophos-
phate .§_ were identical to those previously reported with other alkylating 
reagents (LiR Cu, R Cd, R Zn, and LiRCuSPh). 53 These experiments were 
2 2 2 
performed with the assistance of Dr T.C. Khor. 
Tricarbonyl(n 4 -l-methoxy-6a-tertiarybutylcyclohexa-l ,3-diene)iron and 
The reaction of the 2-0Me salt.§_ (2.0 g, 5.1 mmol) with tBuli (4 ml 
of l . 52 M soln. in pentane/hexane, 20% excess) for 1 h under the 
conditions described above gave a yellow oil (1.25 g, 80%). The 1H NMR 
l 39 
was consistent with the presence of a 40:60 mixture of isomers correspond-
ing to the adducts at the l- and 5-positions of the salt, respectively; 
isomer ratio was calculated from the 0Me resonances at 6 3.42 (the product 
corresponding to addition at 1-position) and 6 3.64 (addition at 5-
position). The mixture was separated by medium pressure liquid chromato-
graphy (MPLC) on a Merck Lobar silica gel column, using petroleum (40/60) 
and methylene chloride (10%) at a rate of ca 10 ml min- 1 . The recovery 
was> 90%. 
The compound (0 .46 g) corresponding to the more mobile band was 
identified as tricarbonyl(n4-l-methoxy-6a-tertiarybutyl cyclohexa -l ,3-diene)-
-1 iron; vna (CHCl ) 2040, 1970 cm ; 6(CDCl ) 5. 57 (lH, dt, J = 4.2 Hz, 
7 X 3 3 2 , 3 
J = J = 1.2 Hz, 2-H), 4.99 (lH, dd, J = 6.0 Hz, 3-H), 3.42 2 ,4 2 ,6B 3,4 
(3H, s, 0Me), 2.73 (lH, m, 4-H), 2.43 (lH, ddd, J = 10.5 Hz, J 
:\: 5(3 ,6S Sa ,6(3 
3.0 Hz, 6B-H), 2.04 (lH, m, J = 14.5 Hz, J = 3.5 Hz, 5B-H), Sa , SB 4 , 5B 
= 
l.68 (lH, m,t J Sa , L~ 
for C H Fe0 278.0605, 
1 3 18 3 
= 3.0 Hz, 5a-H), 0.87 (9H, s, CMe ); (M-C0 calculated l 3 
found 278.0613). CH (a )-splitting pattern 
2 
(Section 2.3.l). 
The compound (0.69 g) corresponding to the second band was identified 
as tri carbonyl ( n4-2 -methoxy-5a-terti arybutyl cycl ohexa- l, 3-di ene) i ran; 
v ax(CHCl) 2040, 1970 cm- 1 ; 6(CDCl) 5.19 (lH, dd, J = 6.4 Hz, m 3 __ 3 3, 4 
J = 2.2 Hz, 3-H), 3.64 (3H, s, 0Me), 3.35-3.24 (lH, m, l-H), 2.66 (lH, 
1 , 3 
dm, 4-H), 2.0-7.4 (3H, m, 5- and 6-H), 0.80 (9H, s, CMe ); (M-C0, found 
3 
278.0571). 
Gc11c1ul IJl'OCCdlll'l; rol' dddilio11 or /\rXII ( X O, S, Sc ) Lo L1·i cil rbonyl(1 1r) _ 
cyclohexadienylium)iron hexafluorophosphate 4 in th e presence of Hunig base 
To a stirred suspension of the salt ~ (500 mg , l . 37 mmo l) and ArXH 
(X=0,S,Se, 2-3 mnol) in dry CH Cl (25 ml) was added ethyldiisopropylamine 
2 2 
(= HUnig base, 200 mg) at 0°C. ~hen a clear yellow solution 
was observed (ca 10-15 min.), the solvent was removed under reduced 
pressure. The neutral product was taken into light petroleum. The 
residue, obtained after concentration of the petroleum extract, was 
140 
purified either by passage through a short column of basic alumina (activity 
4) (using light petroleum), or by recrystallization from light petroleum 
at -18°( . 
Tricarbonyl(n 4 -5a-phenoxycyclohexa-l ,3-diene)iron 40 
By reacting the unsubstituted salt± with phenol, the adduct i.Q_ 
was obtained in 85% yield, after passage through a short column of 
alumina. The compound showed physical properties similar to those 
reported. 58 The 1H NMR showed at o 2. 10 (6 B-H) and l .69 (6 a-H), the 
methylene splitting pattern characteristic of an adjacent a-substituent 
(Section 2.3. l). 
Tri ca r bony l ( n tr - 5 a - phenyl th i o c y cl oh ex a - l , 3- di en e ) i r on 4 l 
The reaction of the salt± with thiophenol afforded the adduct 41, 
m.p. 68-69°( (lit. 53 C 67-69 °C), in 92% yield. 
--
Tricarbonyl[n 4 -5a-(p -nitrophenylthio)cyclohexa-l ,3-diene]iron 153 
The reaction of the salt± with p -nitrothiophenol afforded the 
adduct 153, m.p. 106-108°( (decamp.), in 93% yield. v (CHCl ) 2050, 1980, 
max 3 
1580, 1340 cm- 1 ; (CDCl) 8.12 (2H, d, J = 9 Hz, aromatic H), 7.28 (2H, d, 
3 
J = 9 Hz, aromatic H), 5.06 (2H, m, 2- and 3-H), 3.88 (lH, dt, J = 
5 , 6 f3 
l- and 4-H), 2.52 (lH, m, :: 10 Hz, J = 3.5 Hz, 5-H), 3.24 (2H, m, 
S , Ga t 
J = 4 Hz, 6B-H), l.72 (lH, m, J 
G ('(. ' lf G Cl ' G R 
= 16 Hz, 6a-H) ; m/ z 3 7 3 ( M) , 34 5 
14 l 
(M-C0), 317 (M-2C0), 308, 389 (M-3C0); (Found: C, 48.3 ; H, 3 . 0; N, 3.8; 
S, 8 . 8%. C H NS0 Fe requires C, 48.3; H, 3.0; N, 3.8; S, 8.6%) . + 15 11 5 
CH (a )-splitting pattern. 
2 
Tricarbonyl(n 4 -5a -phenylselenocyclohexa-l ,3-diene)iron 42 
The reaction of the salt~ with phenylselenol gave the adduct 42, 
m.p. 53-54 °C, in 94% yield. \) (CHC1
3
) 2040, 1970, 1575 cm- 1 ; o(CDCl ) 
max 3 
7. 51 (2H, m, aromatic H), 7.27 (3H, m, aromatic H), 5.28 (2H, m, 2- and 
3-H), 3. 69 (lH, dt, J = 10 Hz, J = 3.5 Hz, 5-H), 3.37 (lH, m, 
5 , 6B 5 , 6a 
4-H), 3.11 (lH, m, 1-H), 2.33 (lH, m, t J = 15.5 Hz, J = 4 Hz, t 6a , 6S 6S , 4 
6B- H), l. 78 (lH, m, 6a -H); m/z 594, 592 (M 1 ), 538, 536 (M 1 -2C0), 510, 508 
(M 1 -3C0), 482, 480 (M'-4C0), 454, 452 (M 1 -5C0), 426, 424 (M 1 -6C0), 
349, 347 (M 1 -6C0-Ph), M' = [Fe(C0) CH Se]; (Found: 
3 6 7 2 
C, 48. l ; H , 3. 0; 
Se, 21.3%. C H Se0 Fe requires C, 48.0; H, 3.2; Se, 21.1 %). 
1 5 12 3 
splitting pattern. 
..L 
t CH (a)-
2 
Tricarbonyl[n 4 -2-methyl-5a -(2-propoxy)cyclohexa-l ,3-diene]iron 54 
Tricarbonyl(n 5 - 2-methylcyclohexadienylium)iron hexafluorophosphate 
152 (500 mg, 1.32 mmol) was rea_~ted with isopropanol (0.5 ml) as above, 
to res u l t i n ~ a s a ye l l mv o i l ( 2 9 7 mg , 7 7 % ) after pas s a g e th rough bas i c . 
1 . 
alumina, \)max (film) 2035, 1965 cm- ; o(CDC1
3
) 5.33 (lH, d, J
3
, t~ = 6 Hz, 
3- H) , 3 . 92 (lH, dt, J = 10 Hz, J = 4 Hz, 4-H), 3.53 (lH, heptet, 
5 , 5s s , 6a , r 
J = 6 Hz, CHMe ), 2.88 (2H, m, 1- and 4-H), 2 . 28-2.12 (4H, m, overlapped 
- / -1. 
I 
\iv i th t Ii e s i n g l et at o 2 . l 2 , 6 G- H , 2 - Me ) , l . 5 0 ( l H , rn , J = l 5 Hz , 
6a , 6 B 
6a- H) , 1.10, 1.04 (6H, s, s, diastereotopic CH'ie ); (M calculated for 
l -"2 
C H Fe0 292 . 0398, found 292.0343) . CH (a )-s plitti ng pattern. 
1 3 16 4 2 
142 
Tri carbonyl [11 4 - ~ -menthoxy-2 -methoxycycl ohexa- l, 3-di ene]i ran 154 
The reaction of 2-0Me salt i (2.0 g, 5. 1 mmol) with (-)-menthol 
(2.4 g, 15 . 3 mmol) 1n CH 2 Cl 2 at 0°C in the presence of Hunig base (656 
mg, 5. l mmol) for 2 h afforded, after work-up as above, a yellow viscous 
liquid (l .74 g, 88%). The product was identified as 154; v (CHCl ) 
- max 3 
2 0 4 0 , l 9 7 5 cm - 1 ; o ( C D ) 4 . 7 2 ( m , 3-H ) , 3 . 81 ( m , 5 B-H ) , 3 . 0 0 ( s , 0 Me of 
6 6 
one diastereomer), 2.97 (s, OMe of the other diastereomer), 2.95 (m, l-H), 
2. 77 (m, l 1-H of the menthoxy group of one diastereomer), 2.56 (m, 4-H), 
2. 38 (m, l 1-H of the menthoxy group of the other diastereomer), 2.3-1.8 
(m, 6-H), l. 7- l . 0 (m, remaining H of the menthoxy group); m/z 404(M), 
376(M-CO), 348(M-2CO), 346(M-2C0-2H), 316(M-3C0-2H). 
The spectral assignment ( 1H NMR) was confirmed by comparison of the 
1H NMR spectra of the pure diastereomers separated by chromatographic 
means . The separation was performed by Dr T.C. Khor with a recovery of 
> 90%. The optical antipodes of 2-0Me cation i, which were obtained by 
25 
dealkoxylation of the pure diastereomers, displayed [a ] 0 -119° (MeCN, 
C=2) and +112° (MeCN, C=2). 
Reaction of tricarbonyl(n 5 -cyclohexadienylium)iron hexafluorophosphate 4 
with (a) Hunig base (b) triethy1amine (c) pyridine 
(a) To a magnetically stirred suspension of the salt i (500 mg , l . 37 
11111101) 1n dry CH 2 Cl 2 (25 ml) was added HUnig base (200 mg) at 0°C. 
homogeneous yellow solution was observed almost instantaneously, 
A 
V 
max 
(CH Cl ) 2050, 1980 cm- 1 . The solution was cooled to -40°C, and light 
2 2 
petroleum added to precipitate an unstable slightly brownish yellow solid . 
The solvent was removed from the mixture and the solid was washed several 
times with light petroleum cooled to -40 °C. The 1H NMR spectrum of the 
143 
solid was run in CD Cl as rapidly as possible at ambient temperature. 
2 2 
However, line broadening,probably due to paramagnetic ma terial was observed. 
o 5.4 (br m, 2- and 3-H), 3.4, 2.9 (br m, br m, 1-, 4- and 5-H and N-_Q:!), 
l .8-0.7 (br m, 6-H and Me). 
To the stirred solution of the residue in CH Cl (20 ml) was added 
2 2 
methanol (0.5 ml), and the reaction mixture brought to 0°C gradually. 
After work-up as above, a yellow oil (168 mg, 49%) was obtained. The 
product was identified as tricarbonyl(n '• -5a-methoxycyclohexa-l ,3-diene)-
39 f h l . 14 iron rom t e spectra properties. 
(b) Analogously, a suspension of the salt 4 in CH Cl turned to a clear 2 2 
yellow solution upon the addition of triethylamine at -l0 °C, v 2050, max 
1980 cm- 1 . Unlike in the case of H~nig base, the yellow solution turned 
brown on warming to ca 5°C. 
(c) To a magnetically stirred solution of the salt 1 (500 mg) in MeCN 
(5 ml) was added pyridine (200 mg) at 0°C. After 5 min. of further stirring, 
ether was added to precipitate a stable off-white solid. The precipitate 
was collected by filtration, washed with ether, and air-dried, 620 mg, 
99%. Pale yellow crystals, decamp. > 2l5 °C (from acetone and CH 2 Cl 2 ), 
-
were identified as tricarbonyl( n4 -5a-pyridiniumcyclohexa-l ,3-diene)iron 
hexafluorophosphate 155. vmax(KBr) 2065,-1980, 1630, 1500 cm- 1 ; o(CD
3
CN) 
8.62 (2H, d, J = 6 Hz, 2 1 - and 6 1 -H of the pyridinium ring), 8.38 (lH, 
t, J = 7-8 Hz, 4 1 -H of the pyridinium ring), 7.9 (2H, t, J = 6-7 Hz, 
31 - and 51 -H of the pyridinium ring), 5. 82 (2H, m, 2- and 3-H), 5.24 (lH, 
dt, J = l l Hz, J = 4 Hz, J 
ss , GB sS , 6a 
(2H, m, l- and 4-H), 2. 84 (lfl, 
.1. s B, 4 
I 
Ill ;r J 
5B , Ga 
= 3. 5-4.0 Hz, ss-H), 3.28-3.12 
.L 
·I· 
= 16 Hz, 6r~ -ll), l . 8 (lH, 111 , 
6a-H); (Found: C, 38.0; H, 3.l; P, 7.2; F, 24.9; N, 2.9%. C H PF NO Fe 
.. IL• 12 6 3 
requires C, 38.0; H, 2.7; P, 7.0; F, 25 .7; N, 3.2%). -I- CH (a ) - splitting 
2 
pattern (Section 2.3.l). 
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CHAPTER 7 
Optical resolution of (±)-tricarbonyl(n4-l-carboxycyclohexa-l ,3-diene)-
iron 122 
(+)-tricarbonyl( n11 -l-carbo xycyclohexa -l ,3-diene)iron 157 and (-)-tricarbonyl-
(114 -l-carboxycyclohexa-l ,3-diene)iron 
(±)-Acid 122 was prepared from tricarbonyl( n4-2-methoxycarbonyl-
cyclohexa-l ,3-diene)iron .J1_ by a modification of the method described by 
51 ( - 2 ) Birch and Williamson . The ester .J1_ 22 g, 7.9 x 10 mol and concen-
trated H2S04 (40 ml) in methanol (200 ml) was heated under reflux for 24 h. 
Some methano l (ca 100 ml) was removed from the cooled reaction mixture 
under reduced pressure. Water (200 ml) was added to it, and the mixture 
heated under reflux for 30 h. The cooled mixture was extracted into ether . 
The combined ether extracts were washed with brine and water, dried 
(MgS0
4
) and concentrated to result in the (±)-acid 122 51 as a yellow 
solid (19.8 g, 95%). 
To a magnetically stirred solution of the (±) -acid 122 (19 g, 
- 2 ) ) 7.2 x 10 mol in chloroform and acetone (3 to l by v/v, 400 1111 , was 
a d de d ( - ) - l - p h en y 1 e thy 1 am i n e (_ 9 . 5 m l , 7 . 5 x l O - 2 111 o l , E GA- c h em i e , o p t i ca l 
purity > 99%) dropwise . After the addition was complete, a slightly 
yellowish white precipitate formed, and the mixture was stirred for further 
10 min . The precipitate was collected by filtration; the filtrate was 
kept aside for isolation of the other diastereomer. The precipitate was 
washed with chloroform and dried under suction to obtain 17.2 g of the 
l [rv J2o5 ( ) sa t, vi, + 6° acetone, C= l . This was recrystallized several times 
?5 
until the optical rotation was constant, [a ] 0 +68 ° (acetone, C=l) . 
This diastereomer (7 .4 g) was dissolved in acetone and aqueous HCl added 
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to it. The removal of acetone at the rotary evaporator resulted 1n a 
yellow crystalline precipitate which was collected by filtration and 
washed with water. Recrystallization from chloroform and light petroleum 
afforded (+)-tricarbonyl( n' 1-l-carboxycyclohexa-l,3-di ene)iron 157 as 
yellow crystalline solid (4.46 g, 23-24%), m.p. l47-l49 °C, [a J0 + 136° 
?5 7-5 (acetone, C=3); [a ] + 55 ° (mini mum), [a ] + 214 ° (max imum). 
414 484 
The filtrate kept aside above gave, after concentration and cooling 
25 
at 0°C overnight, a second crop (6.2 g), [a ] 0 -95 ° (acetone, C=l). 
Recrystallization of this salt to constant rotation as above afforded the 
25 
second diastereomer (3.24 g), [a ] 0 -126 ° (acetone, C=l). Acid hydrolysis 
of this salt as above gave (-)-tricarbonyl(n 4 -l-carboxycyclohexa-l,3-
2s diene)iron as a yellow crystal line solid (1.94 g, 10-11 %), [a ] 0 - 136° 
25 (acetone, C=3); [a ] 
4 22 
25 
- 55 ° (maximum), [a ] 
490 
-214 ° (mini mum). 
(-)-tricarbonyl( n4 -1-methylcyclohexa-1 ,3-diene)iron 158 
To a magnetically stirred solution of (+)-1-carboxy acid 157 
(200 mg, 0.76 mmol) in freshly distilled THF (10 ml) was added 2 ml of a 
10 M solution of borane in dimethylsulfide (0.2 ml) . Borontrifluoride-
etherate (5 ml) was added dropwise and the mixture heated under reflux 
.-
(ca 50 °C) for 4 h. The cooled greenish solution was poured over a 
mixture of ice and NaCl. The product was extracted into light petroleum. 
Combined petro leum extracts were washed with brine and wate r, dried (MgSO ) 
L1 
and concentrated to give a yellow oil, 150 mg, 84%. The product was 
identified as the (-)-1-nicthyl complex 158, b.p . 50 °C/0.5 rnrnHg (kugelrohr); 
25 1 
[a ] 0 = - 18° (C=l, CHCl ) ; v (CHCl ) 2030, 1965 cm- ; o(CDCl ) 5.16 3 max 3 3 
(2H, m, 2- and 3-H), 3.12 (lH, m, 4-H), l.92-1.63 (7H, s in glet at c5 l.63 
overlapped on a multiplet, 5- and 6-H and Me); m/z 234 (M), 206 (M-CO), 
178 (M-2CO), 150 (M-3CO); (Found: C, 51.2; H, 4.3%. 
C, 51.3; H, 4.3%). 
Approaches to the synthesis of natural gabaculine 
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C H O Fe requires 
10 10 3 
Tricarbonyl( n5-l-methoxycarbonylcyclohexadienylium)iron hexafluoro-
phosphate i 51 and tricarbonyl(n 5-l-methoxycarbonyl-2-methylcyclohexadienyl-
ium)iron hexafluorophosphate 100 (chapter 4) were prepared from the 
corresponding l-methoxycarbonyl esters, using Ph CffiPF8 . 
3 6 
Tricarbonyl(n 5-l-methoxycarbonyl-3-methylcyclohexadienylium)iron 
hexaflruorophosphate ~ 
The reaction of tricarbonyl( n1r-1-methoxycarbonyl-3-methylcyclohexa-
l,3-diene)iron lQl (10 g, 3.4 x 10- 1 mol, chapter 4) vvith Ph cffiPF8 
3 6 
( -1 ) ( ) 13 . 4 g, 3.5 x 10 mol in the usual way experimental, chapter 4 
afforded the l-CO Me, 3-Me salt 160 (11 g, 74%). M.p. l65-l66 °C (from 2 -
acetonitrile, -1 ether and light petroleum); \) (KBr) 2130, 2090, 1710 cm ; 
ma x 
cS (CD CN) 6.65 
3 (lH, s, 2-H), 5.96 (lH, d, J = 7.5 Hz, 4-H), 4.70 (lH, 4 , 5 
t, J = 7 Hz, 5-H), 3.84 (3H, s, CO Me), 3.26 (lH, dd, J = 15 Hz, 
5 , 6B 2 6a , 6B 
6S-H), 2.82 (3H, s, Me), l.86 _-(lH, d, 6a-H); (Found: C, 33.4; H, 2.6%. 
C H O PF Fe re qui res C , 3 3 . l ; H , 2 . 5 % ) . 
12 11 5 6 
( a ) W i th N , N - d i 111e thy l am i n e an d an i l i n e 
Tri c a r bony l [ n lf - 5 ex - ( N , N - d i I ne thy l am i n e ) - l - rn e th o xy c a r b o n y l - 3-111 e thy l c y c l o h e x a -
-------------------------------
l,3-diene]iron 163 
r: To a stirred and cooled (-40 °C) solution of tricarbonyl( n~ -l-
methoxycarbonyl-3-methylcyclohexadienylium)i ro n hexafluorophosphate 160 
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(l .O g, 2. 3 rnmol) in MeCN (10 ml), 1:1as added N,N-dimethylarnine ( ca 5 ml) 
from a cylinder (Fluka AG). The mixture was stirred at -40 °C for a 
further 30 min. and brought to room temperature gradually. Excess Me NH 
2 
and MeCN were taken under reduced pressure. The yellow residue was 
stirred with an aqueous solution of Na CO, and the resulting complex 
2 3 
amine was extracted into ether. Combined ether extracts were washed with 
brine and water, dried (MgS0
4
) and concentrated to obtain a yellow oil 
(700 mg, 91 %). The product was identified as 163, m.p. 43-44°C (from 
light petroleum); v 2055, 1985, 1698 cm- 1 ; () (CDCl ) 6.01 (lH, br s, 
max 3 
2-H), 3.70 (3H, s, CO Me), 3.30 (lH, dt, J = ll-10, 4 Hz, 5-H), 3.14 (lH, 
2 
m, J =2, 3 Hz, 4-H), 2. 4 (lH, dd, J = 10-ll Hz, J = 16 Hz, 
6S , s 6a , 6S 
6B-H), 2.23 (3H, s, 3-Me), 2.16 (6H, s, NMe ), 1.24 (lH, dd, J = 4 Hz, 
6a , 4 
6a-H); m/z 335 (M), 307 (M-CO), 279 (M-2CO), 251 (M-3CO), 249 (M-3C0-2H); 
(Found: C, 50.4; H, 5. 1; N, 4.2%. 
N, 4. 2%). 
C H O NFe requires C, 50.2; H, 5.l; 
14 17 5 
Tri carbonyl [n 4 -l-rnethoxycarbonyl-3-methyl-5a-(N-phenylamine)cyclohexa-1 ,3-
diene]iron 164 
To a stirred solution of tricarbonyl( n5-l-methoxycarbonyl-3-rnethyl-
cyclohexadienylium)iron hexafruorophosphate 160 (150 mg, 0.34 mmol) in 
dry CH 2 Cl 2 (10 rnl), was added aniline (290 mg). The mixture was stirred 
for 30 min, and the solvent was removed under reduced pressure . Unreacted 
aniline was separated by tlc, using benzene and acetonitrile (5% v:v). 
The con1pound isolated from the most mob ile yellow band, was identified as 
164 (83 1119, 63%), v (CHCl ) 3325, 2050, 7985, 1705, 1600 crn- 1 , o(CDC7 ) 
- max 3 3 
7.17 (2H, 111, aromat ic H), 6.70 (3H, rn, aromatic H), 6.17 (lH, br s, 2-H), 
4. 73 (lH, ddd, J = 10, 4 Hz, 5-H), 3.70 (3H, s, CO Me) , 3.39 (7H, dd, 
2 
J = 4, 2 Hz, 4-H), 3.20-2.93 (2H, m, 6S-H and NH), 1.27 (lH, dd, J = 15, 
4 Hz, 6a-H); m/z 383 (M), 355 (M-CO), 327 (M-2CO), 299 (M-3CO). 
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(b) With liquid ammonia 
Hexacarbonyl(n4 ,n4 - 5a ,5a -aminob iscyclohexa -l ,3-diene)diiron 165 
A solution of tricarbonyl(n 5 -cyclohexadienylium)iron hexafluorophos -
phate i (l .0 g, 3.0 mmol) in MeCN (10 ml) was added to magnetically stirred 
liquid ammonia (ca 50 ml). Ammonia was evaporated overnight. Acetonitrile 
was removed under reduced pressure. An aqueous solution of Na CO was 
2 3 
added to it. The neutral product was extracted into ether. Combined 
ether extracts were washed with water, dried (MgS0
4
) , and concentrated to 
result a sticky yellow residue (600 mg, 88%). The product was identified 
as the amine 165; v (film) 3320 (NH), 2045, 1980, 1430 cm- 1 ; cS (CDCl ) 5.43, 
max 3 
5.26 (4H, dd, dd, J= 5.0-5.5 Hz, 2-, 2'-, 3- and 3'-H), 3.25-2.84 (7H, m, 
t 1-, 1 '-, 4-, 4'-, 5- and 5'-H and NH), 2. 18 (2H, m, J = 15, 10, 4 Hz, 
l 6S- and 6S'-H), 1.24 (2H, m, J = 15, 3 Hz, 6a- and 6a 1 -H); m/z 453 (M), 
425 (M-CO), 395 (M-2C0-2H), 367 (M-3C0-2H), 339 (M-4C0-2H), 311 (M-5C0-2H), 
283 (M-6C0-2H). +CH (a )-splitting pattern (Section 2.3.l). 
2 
(c) With hexamethyldisilazane 
Tricarbonyl(n 4 -5a-ammonium-l-methoxycarbonyl-2-methylcyclohexa-l ,3-diene)-
--iron hexafluorophosphate 166 
Hexamethyldisilazane (0.5 ml) was added to a magnetically stirred 
solution of tricarbonyl(n~-l-methoxycarbonyl-2-rnethylcyclohexudienyliurn)-
iron hexafluorophosphate 100 (100 mg, 0.23 mmol). The mixture was stirred 
for l h, and the sol vents rellloved under reduced pressure. The residue was 
washed with ether to obtain 166 as a yellow solid (75 mg, 72 %). v (nujol) max 
3225, 3200, 3125, 2075, 2030, 2000, 1980, 1705, 1575 cm- 1 ; (CD CN) 5.48 
3 
(lH, d, J = 6 Hz, 3-H), 4.5 (2H, hump, DO exchange, NH), 3.68 (4H, 
3 , lf 2 2 
singlet overlapped on a multip let, CO Me and 5-H), 2. 96 (lH, m, 4-H), 
2 
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2.70 (lH, dd, J = 16 Hz, J = ll Hz, 66-H), 2.47 (3H, s, Me), 6a , 6B 66 , 5 
l .44 (lH, dd, J = 4 Hz, 6 -H); m/z 582, 554, 550, 526, 498, 470, 6a ,5 
442, 414, 386, 384, 356, 298, 291, 264, 236, 208, 206. 
(d) With potassium phthalimide 
Tricarbonyl[n4-l-methoxycarbonyl-5a-(N-phthalimido)cyclohexa-l,3-diene]-
iron 168 
To a magnetically stirred suspension of potassium phthalimide (l .5 g, 
8.1 mmol) in acetonitrile (20 ml) was added a solution of tricarbonyl(n 5 -
l-methoxycarbonylcyclohexadienylium)iron hexafluorophosphate i (3.0 g, 
7.l mmol) in acetonitrile (20 ml) . The mixture was stirred for 30 min . 
and the solvents removed under reduced pressure. The neutral product was 
taken into al :l mixture of light petroleum and ether. The combined ether 
extracts were concentrated to obtain a yellow solid. Recrystallization of 
the solid from light petroleum and chloroform afforded yellow crystals 
(2.9 g, 97%) of tricarbonyl [n 4-l-methoxycarbonyl-5a-( N-phthalimido)-
cyclohexa-l ,3-diene]iron 168, m.p. l66-l67.5°C, v (CHCl ) 2040, 1980, 
- max 3 
1760, 17300, 1700 cm- 1 ; c5 (CDC1
3
) 7.9 (4H, m, aromatic H), 6.37 (lH, d, 
J = 5 Hz, 2-H), 5.66 (lH, dd, J = 6 Hz, 3-H), 4. 96 (lH, ddd, J 5 , 66 -2,3 ~ 3 ,4 
= l 2 Hz , J = J = 4 Hz , 5- H ) , 3 . 7 6 ( 3 H , s , CO
2 
Me ) , 2 . 9 7 ( l H , m ,5, Ga 5, 4 
4-H), 2.81 (lH, dd, J = 15 Hz, 66-H), l.88 (lH, dd, 6a-H); (M 6a , 6S 
calculated for C
19
H
1 3
N0
7
Fe 423 .0041, found 423.0034). 
Tri ca r bony l [ n 'f - l - rnc tho xy carbonyl - 2 - 111e thy l - 5 n - ( - p ht ha l i 111 i do ) c y cl oh c x a -
l,3-diene]iron .l.§2_ 
The reaction of tricarbonyl( n5-l-methoxycarbonyl-2-methy lcyclohexa-
) ( - 1 ) di en y l i um i ro n h ex a fl u o ro p ho s p hate l O O 2 0 6 mg , 4 . 7 x l O mmo l w i th 
potassium phthalimide (100 mg , 5.4 x 10- 1 mmol) according to t he same 
150 
procedure as above gave the adduct 169. Recrystallization from light 
petroleum and chloroform afforded yellow crystal s (1 95 mg , 96%), m.p. 
152-153°C; v (CHCl ) 2040, 1980, 1760, 1730, 1700 cm- 1 ; o(CDCl ) 
max 3 3 
7.8 (4H, m, aromatic H), 5.48 (lH, d, J
3 
= 6 Hz, 3-H), 4.49 (lH, ddd, 
' Ir 
J = ll Hz, J s 6 = J 5 4 = 4 Hz, 5-H), 3.74 (3H, s, C0 2Me), 2.8 (2H, 5 , 66 , a , 
m, 4- and 6B-H), 2.66 (3H, s, Me), l.92 (lH, dd, J
6 
= 15.5 Hz, 6a-H); 
S , 6a 
m/ z 437 (M), 409 (M-CO), 405 (M-OMe), 381 (M-2CO), 353 (M-3CO); (Found: 
C, 55 .1; H, 3.6; N, 3. 2%. C H O NFe requires C, 55.0; H, 3.5; N, 3.2%). 
2 0 1 5 7 
Tricarbonyl[n 4-l-methoxycarbonyl-3-methyl-5a-(N-phthalimido)cyclohexa-l ,3-
diene]iron 170 
Tricarbonyl(n 5-l-methoxycarbonyl-3-methylcyclohexadienylium)iron 
hexafluorophosphate 160 (1 .0 g, 2.3 mmol) was reacted with potassium 
phthalimide (550 mg, 3.0 mmol) as above to obtain the adduct 170 (980 mg, 
98%), m.p. l35-l37 °C (from light petroleum and chloroform); v (CHCl ) 
max 3 
2045, 1985, 1770, 1735, 1700 cm- 1 ; o(CDCl ) 7.75 (4H, m, aromatic H), 6.21 
3 
(lH, br s, 2-H), 4.93 (lH, ddd, J = 11.5 Hz, J = 4.0-4 .5 Hz, 
s , 6S 5 , 6a 
J s = 3 Hz, 5-H), 3.71 (3H, s, CO Me), 2.92, 2.75 (2H, dd, dd, J 
, 4 2 2 ,4 
= 
1. 7 Hz, J = 15 Hz, 4- and 6B-H), 2.20 (3H, s, Me), 1. 70 (lH, dd, 6a-H); 6S , 6a .-
m/z 437 (M), 409 (M-CO), 406 (M-OMe), 381 (M-2CO), 353 (M-3CO); (Found: 
C, 55.3; H, 3.6; N, 3.1 %. 
( e) Remo v a 1 of Fe (CO) 3 
C H O NFe requires C, 55.0; H, 3.5; N, 3.2%). 
20 15 7 
Methyl 5-(N-phthalimido)cyclohexa-1,3-diene-1-carboxylate ill 
Trimethylamine-N-oxide dihydrate (4.0 g, 36 mmol) was added at 0°C to 
a solution of tricarbonyl [n4 -l-methoxycarbonyl-5a-(N-phthalimido)cyclohexa-
l 51 
l.3-diene]iron 168 (l.77 g, 4.2 mrnol) in N,N -di methylacetamide (25 ml) . 
The mixture was stirred magnetically for 3 days at 0-5°C, and f iltered 
through celite. Ice-cooled water (ca 200 ml) was added to it and the 
organ, c product was ex tracted in to a l: l mixture of ether and light 
petroleum. The combined ether extracts were washed several ti mes with 
water, dried (MgSO ) and concentrated to result in a white crysta ll ine 
Lf 
residue (840 mg, 71 %). The compound was identified as methyl 5- (N-
phthalirnido)cyclohexa-l ,3-diene-l-carboxylate ill, m.p. 146-147 °( (from 
li ght petroleum and chloroform); ~ (EtOH) 289 (s 10850 ), 240 (shoulder, 
ma x 
s 72500), 231 (shoulder, s 20280), 219 ( s 37500) nm; v (CHCl ) 1775, 1710, 
max 3 
1640, 1610, 
ddd, J = 
? ' 3 
1 580 cm - 1 ; cS ( CDC l ) 
3 
5.5 Hz, J = J 
2 , 6 2 , 4 
7.76 (4H, m, aroma tic H), 7.08 (lH, 
= l.O Hz, 2-H), 6.22 (lH, ddd, J 
3 , 4 
= 
9-10 Hz, J = 2.4 Hz, 3-H), 6.0 (lH, dd, J = 3 Hz, 4-H), 5.22 (lH, 
3 , 5 4 , 5 
ddd, J = 11-12, 13-1 4 Hz, 5-H), 3.74 (3H, s, CO Me), 3.05-2.7 (2H, 
5 , G 2 
m, 6-H); m/z 283 (M), 281 (M-2H), 250, 224, 136; (Found: C, 67.6; H, 4.7; 
N, 5.0%. C H NO requires C, 67. 8 ; H, 4.6; N, 4.9%). 
16 13 4 
Meta l group was cleaved also under photochemical conditibns. The 
phthalimido adduct 168 (200 mg) and excess fe rric chloride hexahydrate 
(500 mg) 1n methanol (5 ml) and benzene (5 ml) was stirred magnetically 
for 20 h ,n the presence of visible light fro m a 250 W lamp. The reaction 
. 
mixture was f iltered through celite and diluted with water (ca 100 ml). 
The organic product was taken i nto benzene . The comb ined benzene extracts 
were washed with water, dried (MgSO) and concen trated to give the diene 
/ f 
171 as a wh i te solid (130 mg, 96 %). 
However, at different runs under photochemical conditions , the 
diene ill accompanied aroma tic products (15-25%, 1H NMR ). 
/\ 111ixLure of th e phLhc1li111ido uclcluct _1_§_8 und ferric chloride hexc:i-
hydrate in methanol and benzene (in the proportions as above) was stirred 
152 
magnetically for 4 days in a flask wrapped with aluminium foil . The work-
up as above afforded the starting material 168 (IR, 1H MR) in 90% 
recovery. The same result was observed by replacement of methanol with 
ethanol . 
(f) Alkaline hydrolysis of the diene ester 171 
A solution of methyl 5-(N-phthalimido)cyclohexa-1,3-diene-1-
carboxylate ill (175 mg, 6. 2 x 10- 1 mmo l) in methanol (5 ml) and potassium 
hydroxide (500 mg) in water (5 ml) were stirred magnetically for 2 h. 
Upon acidification with 10% HCl was formed a white amorphous powder 
insoluble in water or ether. The solid was collected by filtration and 
dried in vacuo , 163 mg, 98%. The product was identified as 5- (N- phthalirrrido) -
cyclohe a-1~ 3- diene-1-carboxylic acid 172, m. p. 210-215 °(; 8(d -DMSO) 
- 6 
7.7 (4H, m, aromatic H), 7.12 (lH, m, 2-H), 6.14 (2H, m, 3- and 4-H), 
5.1 (ca lH, m, 5-H) 2.8 (ca 2H, m, 6-H); m/z 269 (M), 267 (M-2H), 250, 
224, 122 (C H CO H). 
G 5 2 
(g) Attempts on dephthaloylation of the diene acid 172 
To a stirred suspension ~of 5-(N-phthalimido)cyclohexa-1,3-diene-l-
carboxylic acid 172 (169 mg) in ethanol was added hydrazine hydrate (2.0 ml) 
at 0°C. The mixture was stirred magnetically at 0-5°C for 3 days at which 
stage, ninhydrin test indicated the formation of an amino acid, possibly 
gabaculine (tlc analysis, 57 b using 7.5 EtOH, 2 . 5 H70, trace NH 40H). The 
n1ixture was filtered through celite and concentrated under reduced pressure . 
The 1H NMR spectrum of the residue (43 mg, 56%) corresponded to benzoic 
acid . 
l 
2 
3 
4 
5 
6 
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